




CIIT^MI'.’AL ESSAYS, 


B Y 


R. WATSON, D.D.F.R.S. 

' 1 

P 

I 

r 

A 

w 

V 

I 1 - 

' - 

I 

REC»*’« PROFESSOR, OF OITlNtTV iJC 

t 

THE C ■ VFftSiTY or CAMBRtOCF. 


V o L, n. 


FIFTH 


E D 1 T. JtO 




'i, 






L 0 N D O 


PRINTED FOR. T. ETAKSf 
ANl so I> «it EVANS, PATF.RN05TE1K»i £»« , 

WPCCLSttlX* 


f 




C O ’>[ T E N T S. 


:.r, 


AY 


n ^ 


J. 0 / the Com^ofition and Analyfis of 
Gunpowder • Page A 

I I . Of common Salt 

III . Of common Salt and Nitr: as 

Manures 67 

IV^. Of the Saltncfs and ^cinperattire 
of the Sea, 93 

W Of freflj ll'ater pro cur able from 
Sea IVc.ter^ by Congelation^ and 
by Diftillatlon i I4J 

i 

W. Of calcareous Earthy ^rude ,:nd 
calcined ' ' 175 

VII. Of Clay, Marie^ ana^_ Gypfeous 

A 

Alahafier or Flafter fime 255 
Vm. Of Fit-coal, 37‘jp 




ESSA y: 





i)P THL COMPOSITION AND ANACYSl. 

or CrNPOWDER. 


G unpowder is an artificial 

compoficion, confiftingof 
^ctre^ fulphur^ and charcoal. Tb«* 
principal thinqshto be rc^dfted in 
the making ot gunpowder ar|^—‘Che^ 
goodnefs of the ingredients?;—tli6 
manner of mixing themthe pro¬ 
portion in which they are to be corn- 
bined ;—and the drying of the pow-’ 
dcr after it is made* 


•VOL. 
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. S alt? 
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5 altpctr^ ; in.i:s crudv' 
ther it be wought from 

* A4f / 

Indies, or nriraV ^ Eu/ppe^ is gene¬ 



whe- 

Eaa 


rally, if not univeflally, mixed with 
a greater or lefs portion of common 
fait: now a fmaJl portion of common 

^ 4 

fait injures the goodnefs of a large 
quantity of gunpowder 5 hence it be¬ 
comes neceflary, in making gunpow¬ 
der, to ufe the very fineft faltpetre. 
^Thc pureft fulphur, is that which 
is fold in the fliops under the name of 
Howers of fulphur j but the roll ful¬ 
phur, being much cheaper than the 
'flowers of fulphur, and being alfo of 
a great degree of purity, it is the only 
fort which is ufed in the manufac- 
turingof gunpowder.—With relation 
to the cha^rcoal, it has been generally 
believed .b'at the coal from foft and 
Tight woods was better adapted to 

4 the 
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the mak!fy^of gunpowder, than that 
from the hard and heavy ones; thus 

Evelyn fays of the hazel, that it made 
one of the beft coals ufed for gun¬ 
powder, being very fine and light, 
till they found alder to be more fit */* 
And in another place he thinks that 
lime-tree coal is (till better than*ftee 
from alder An eminent French 
chemift has fhewn, from a^ual ex¬ 
periment, that this opinion in fa- 

>1 

voiir of coal from light wodds is ill 
founded; he affirms, that powder 
made from lime-tree coal,' or even 
from the coal of the pith of elder 
tree, is in no refpeft preftrable to 
that nude from the coal oft|ie hard* 
efi: woods, fuch as guaiacom and 

oak« 

i 

Evelyn’s Silva, by Dr. Hijnttr, p* 
t r* 94^* 

A 2 
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This remark, if ij^ be con* 
firmed by future experience, may 
be of ufe to die makers of gunpow¬ 
der; as it is not always an eafy mat¬ 
ter for them to procure a fufficient 
quantity of the coal of foft wood. 
The -mixture of the materials of 
.whkrh gunpowder is made, ftiould 
be as intimate and as uniform as 
pofiible; for, in whatever manner 
the explofion may be accounted for. 
It is certain that the three ingredients 
are neceffary to produce it. Salt¬ 
petre and fulphur mixed together 
give no explofion ; fulphur and char¬ 
coal give no explofion j and though 
faltpetre and charcoal, when inti¬ 
mately mixed, do give an explofion, 
yet it is, p|obably, of far lefs force 
than what^, iS‘produced from a mix¬ 
ture 

f 

par M. Baume, Vol. I. p. 4550 
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tore of the three ingredients. Thave 
faicJ, probably ; becaufe this point 
does not feem to be quite fettled at 
prefenr, as may appear from the fol¬ 
lowing opinions, of two eminent 
chemifts, each of whom appeals to 
experience.—‘‘ Un melange de fix 
onces (!e nitre et d*une once 
charbon produit une poudre qui a 
nuitic jucins dc force qiie routes cel- 
les dans lerq.uclies on fait entrerjdvi 
ioufre: cette fubltance eft donc'abfo- 
Itiment efrcnricllc a la compoiition 
de la poudre. Dans le temps que 
]e travaillois fur cettematicre, quel- 
ques particiiliers propoferent dc faitc 
de la poudre fans foufre: ils pro* 
mettoient quVlle feroit plus forte, 
•—La poudre' dans laauellc on fait 
entrer une petite quanftte dc foufre, 

A 3 * aug* 
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augiYiente de force du^ double'^', — 
** The principal ingredients of gun- 
powdefj and thofe to which it owes 
its force, are nitre and charcoal; for 
thefe two ingredients w'ell mixed to- 

w 

gether, conftitiite gunpowder at lealf 
equal^ if nox../uperior in jirength to 
c^rnmon gunpow'dcr (as I found by 
experience), and may be feen in the 
Mtmoire of Count Salucc inferred 
in the Melanges de Philofophie et de 

m 

M^^hetnatiqueSi de VAeademie Royale 
de ^urin* The fulphur feems to Icrve 
only for the purpofe of fetting fire 
tf> the mafs with a lefs decree of 

CD 

heatf/*—Jf I may tnift fome crude 
experiments which I have made with 

a com- 

* Cby. par.tjM. Baume,' Vol. 1. p. 461. 

_ / 

f Pbiilof. Tiaiiif. 1779, p. 397* where the 

^^ader.will fiha fevcral ingerfioiis ex{)eriment5 
r^ttve to the nature of gunpowder by Di.. 
i ngVfihoui/. 
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r * 

a commbn powder Trier, I muft ac« 
*cedc to tife opinion of M, Baum£; 

1 repeatedly found that equal hulks 
of common powder, and of the famc^ 
j'ort of powder, freed from its fulphur, 
by a gentle evaporation, differed 
very much both-in the loudnefs and 
force o^ the explofion j the powder^ 
which had loft its fulphur being in¬ 
ferior to the other in both particu¬ 
lars. It is not without reafonl that 
equal bulks are here fpecjfied, for 
any definite meafure of common; 

4 

powder weighs more than the fajTic 
meafure of powder which has*!^ 
its fulphur; hence the refult of ex- 
j)erimenrs made with equal weights 
of thefc powders, will be, differept, 
fiom that which is derived frprp the. 
explofion of equal bJlks ; ms^ not 
this obfervation tend to feconcUe die 

A 4 ppinions. 
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opinions before mentidned ? But 
whether fulphur be an abfolutely 
neceflary ingredient in the compo- 
/ition of gunpowder or not, it is 
certain that an accurate mixture of 
the ingredients is effentially requi-*- 

hte. In order to accomplifh this ac- 
curjate mixture, the ingredients arc 
previoufly reduced into coarfe pow¬ 
ders, and afterwards ground and 
pounded together, till the powder 
becon^es exceeding fine , and when 
that is done the gunpowder is made. 
But as-gunpowder, in the (late of an 
impalpable duft, would be incon¬ 
venient in its life, it has been ciifto- 
niiuy to reduce it into grains, by 
forcing it, when moiftened with wa¬ 
ter, through Ikvcs of various fizrs. 

joccelfity of a complete mix- 
of the materials, in order to 

» 'have 




I 


( 9 ) 


have good gunpowder, is fenfiblf 

• § 

felt, in the ufe of fuch as has beert* 

dried after having been accidentally 

_ ' * 

wetted. There may be the fame 

weight of the powder after it has' 

been dried, that there was before it 

was wetted; but its ftrength is greatly 

diminifllcd on account of the miit-** 

ture of the Ingredients being lefs- 

perfecl. This diminution of ftrength 

proceeds from the water having djf-^f 

folved a portion of the faltp'btre 

other two ingredients not being fo- 


luble in water); for upon drying the 
powder, the diflblved faltpctre wJtf 
be cryftallized in particles n'lUcK 
larger than thofe were, whidh entered' 
into the compofttion of the gunfiow^' 
der, and thus the miyurb: wll \st'‘ 
Icfs intimate and unifornrH’thah’ it 
was before the wetting, * This 
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ting of gunpowder is often occa*. 
Qoned by the mere moiflure of the 
atmofphere. Great complaints were 
made concerning the badnefs of the 
gunpowder ufed by the Englilh in 
their engagement with the French 
fleet off Grenada, in July, 1779 ; 
thf French having done much da¬ 
mage to the roafts and rigging of the 
EnglifhjWhen the Fnglifli Ihot would 
not reach them. When this matter 

^ j » 

« 

was kiquired into by the Houfe of 
Commons, it appeared that the pow¬ 
der had been injured by the moiflure 
edf the atmofphere ; it bad concreted 
jifttp large lumps, in the middle of 
^.^lifhich the faltpetre was viflble to the 
naked eye. If the wetting has been 
conflderable,. the powder is rendered 
Vhoily unfit Itbr ufe; but if no fo- 

I 

reign fubfta!nce has been mixed with 

it 


1 
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it except frefli water, it may be made 
into good gunpowder again, by be’- 

I 

ing properly pounded and granulat¬ 
ed. If the wetting has been ocea- 
fioned by fak water,* and that to arty 
confiderable degree, the Tea fak, up^o 
drying the powder, will remain mix¬ 
ed with it, and may Ib far vitiate 
its quality, that it can never beuled 
again in the form of gunpowdiSr. 

4 

However, as, by folution in water 
and fubfcqiient cryftafliaatioA, the 
inoft: valuable part of the gunpowder, 
namely, the faltpetre, miiy be C3C- 
tradted, and in its original puri?y,, 
even from powder that fhas beeii' 

wetted by fca water, or; othcrWife 

% 

fpoiied, the faving a damped 

>4 1 -• / 

der, is a matter of nationarificbndmji^ 
and defervedly attended to irt tfe 
Elaboratory at Woolwich* ^ 


The 
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The proportions^ in which* the in¬ 
gredients of gunpowder are com¬ 
bined together, are not the fame in 
different nations, nor in different 
works of the fame nation,, even for 

powder deftincd to the fame ufe. It 
is difEcult to obtain from the makers 
of gunpowder, any information upon 

« 4 

this fubjeft; their backwardncfs in 

1 If 

this particular, arifes not fb much 
from any of them fancying them- 

i 

fclvc# pofleflcd of the beft poflible 
proportion, as from an affe(flation 

m 

of myftcry, common to moft: manu- 
fjfturers, and an apprehcnfion of 
difcoveriiig to the world, that they 
do not ufe lb muclv faltpetre as they 
ought to do, or as their competitors 

JfT trade realW do ufe. Saltpetre is 
not only a much dearer commodity 

n either iulphur or charcoal, but 
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it enters alfo in a much greater pro¬ 
portion into the compofition of'gun-* 
powder, than both thcfe materials 

taken together; hence, there is a 
great temptaiion to Icffen the quan¬ 
tity of the faltpetre, and to augment 

4 

that of the other ingredients 3 and 
the fraud is not eafily dctedled, /in,cc 
gunpowder, which will explode rea¬ 
dily and loudly, may be made with 
very different quantities of falt- 
petre. V « 

Baptifta Tort a died in the year 

1515; he gives three diffcirenc pro- 
portions for the making ofigunpo^- 
der, according as it was required to 
be of different ftrength*.^ I hav^ 
reduced his proportions^ fi| chat ^thc 
reader may fee the quantities, of the 

' iVr ^ 

^veral ingredient^, contained in loo 

: pounds 


Nat* L. XIL c» ^ 
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pounds weight of each fort of pow- 
ds?r. 


Weak. 
Saltpetre 66|lb 
Sulphur 16} 
Charcoal i6| 

‘ 100 


Strong. I Strongeft- 


1 

80 

124 

JO 

121 - 

10 

100 j 

100 


m • 

It is fonnewhat remarkable, that, 
in all thefe proportions, the fulpiiur 
and charcoal are ufed in equal quan- 
tities<L Car^n died about fixty years 

I 

^ter Baptifta Porta, and in that in¬ 
terval, the proportions of the ingre- 
-dients of gunpowder feem to have 
undergone a great change. Cardan’s 
proportions for great, middle-fi zed, 
and^ fmall guns, are expreffed in 

1 

the followbg^table. " 

Salt- 


Card. Oper* VoU III. p. 379. 



( 


Gt» Guns. 
•Saltpetre • 50lb. 
Sulphur i6|^ 

Charcoal 335 


i .4 

^ » ’■"*‘^4 iCl 

) wPitK 

v'o ^ Z. 


too 


Mid. ilzed. 
66 \ 

Hr 

10 


Small. 

8lV 

H 

8 'r 


100 


lOO 


For great and middle-fized guns, 
we fee a much greater proportion of 
charcoal than of (ulphur, was *uitd 
in Cardan’s time ; at prefent, I be¬ 
lieve, it is in mod places the re- 
verfe, or at lead, the charcoal «no 
where exceeds the fulpKur.* I hare 
put down the proportions ufed at 
prefent in England, France, Swcr 
den* Poland, and Italy, for the belt 
kind of gunpowder. 


il' V' 


'•mm. fin,. . 

wr'h s»it- 

-• 4 b.{ .15 
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Eng. 

Fran. 

Swed, 

Pol. 

Italy. 

Saltjietre 75 

75 

75 

80 


Sulphur 15 

9 l 

IC> 

12 


Charcoal lo 

iSi 

9 

8 


ICO* 

> 

loojl 

JOoJ 

1 0 

1 0 

* ++ 

IC I if 


Several experiments have been 

lately made in France, in order to 

determine the exad proportions of 

the feveral ingredients which would 

♦ ^ 

produce the ftrongeft poflible pow- 
dexi thefc proportions when reduced, 
»5 air the red have been, to the quan» 

tity 

* Thefe arc faid to be the proportions of 
goveriTment powder.—Pemb, Chem. p, ao7. 

|{ Cliem. Did. & Baum^'s Chem. VoL I. 

p. 466. * 

X Mem* dc Chem, Vol. 11 . p. 425, where it 
is faid, that two fpecinvens of powder from 
Holland gave on>y 71 lb. of faltpetrc from io» 
of pcw'dei, 

f Comm. Sciisn. Bonoiu Vol* iV. p. iij. 
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tity compofing one hundred pounds 
of gunpO\>der, are 

Saltpetre 8o lb. 

Charcoal 15 

Sulphur 5 


lOo 

I 

■ From ficnee it Vould appear, that 
in a certain weight of faltpctre, the 
powder would produce the greareft 
(ffed, when the weight of the char* 
coal was to that of the fulphdr, as | 
to I. On the other hand^ fxperi- 

ments are produced from whiyh it is 
to be concluded, that in a certain , 

'iV 

weight of faltpietrc the bed: powdet 
is made, when the fulphur i^?to the 
charcoal, in the proportion of ja to i. 
From thefe different accounts, it 

feems as if the problem jof deter- 
VOL. II, B mining 



( ) 

P 

inining the very beft pollible propor¬ 
tion was not yet folved. « • 

In drying gun-powder, after it is 
reduced into grains, there arc two 
things to be avoided, too much and 
too little heat. If the heat is too 
great, a portion of the fulphur will 
be driven off, and thus the propor¬ 
tion of the ingredients being chang¬ 
ed, the goodnefs of* the powder, fo 

9 

t 

quantity of fulphur might be fepa- 
rated from gun-powder, by a degree 

V 

j[}( heat not fufficient to explode it, I 
took 24 grains of the powder marked 
F F in the Ihops, and placing it on a 
piece of polilhed copper, I heated 
the copper by holding it over the 
flame of a candle j the gun-powder 
foon fent ^forth a ftrong fulphureous 

I 

* vapquT j 


far as it depends on that proportion 
will,be injured. In order to fee wha 
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vapour; and when it had been ariei 
*ib long that no more fume or fmell 
could be diftinguilhed, the remainder 

weighed 19 grains, the lofa amount- 
ing to 5 grains. .The remainder did 
not explode by a fpark like gun-« 
powder, but like a mixture of fair- 
petre and charcoal, and it really^^was 
nothing elfe, all the fulphur having 
been diffipated. Gunpowder was for- 
merly dried Jjy being expo fed to fjic 
heat of the ftin, and nrjetliod is 
ft ill in ufc in France, and ' in fomc 
other countries; afterward^ a way 
wa* invented ofexpofing it i|> a heat 
equal to that of boiling w^terat 
prcfcnt it is niofl: generally‘jin Eng¬ 
land dried in doves heated l)y great 
iron pots>; with any tolerable caution 
no danger of cxploftoa need be ap- 
prehended from this mithod^ All 

^ B a the 


'i. 
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the watery parts of the gunpowder 


may be evaporated by a degree of 
heat greatly lefs than that in which 

t/ 

gunpowder explodes, that degree 
having been afeertained by fomc 
late experiments, to be about the 
6 ooth degree- on Fahrenheit’s fcale, 
in- which the heat of boiling water 

O 

is fixed at 212. There is more dan- 

i 

ger of evaporating a portion of the 

m 

fulphur, in this way of drying gun- 

f '* 

powder, than when it is dried by ex- 
pofure to the fun. 

The necefiicy of freeing gunpow¬ 
der from all its moifture, is obvious 

« w ( 1 

from the following experiment, which 
was made fomc years ago before the 

I 

Royal Society. A quantity of gun¬ 
powder was taken out of a barrel, and 
dri^d with'a heat equal to that in 
wiat^r boils; a piece of ord¬ 
nance 
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nance was charged with a Cjprtain 
weight o/* this dried powder, and the 
di(lance to which it threw a ball was 
marked. The fame piece was charg¬ 
ed with an equal weight of the fame 
kind of powder, takehouc of the fame 
barrel, but not dried, and it threw 
an equal ball only to one half the 
diftance. This effed: of inoiiTure is 

fo fcnfible, that fome officers have 

¥ 

affirmed, that they have fecri barrels 
of gunpowder which was good in the 
morning, but which became (by^c- 
irailing, probably, the humidity of 

i 

the air) good for nothing in the even- 
ing*. In order to keep the powder 
dry, by preventing the acc<fs of the 

■ B 3 ; air, 

1 

. qu» il avolt vUt dans jc3^ guerre5 d' 
ll.ilie, quclques barrels dr poudfe qul etoit 
bonne Ic maiin, et qui nc va'oit dcri Ic ioif. 

Hill. dc I’Eip.gne, p. 
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air, it has been propofed ro line the 

barrels with thi foil, or jvith thio 
fheets of lead, after the manner in 

which tea-boxes are lined^.—Would 

it not be pofliblc to preferve powder 

< 

free from moifture, and from the lols 
of a part of its fulphur in hot cli¬ 
mates, by keeping it in glazed earthen 
bottles, or in bottles made of copper 
or tin, well corked ? 

This difpofition to attrad^ the 
l^itmidUy of the air, is* different in 
different, forts of powder, it is the 
lead in that which is made from the 
pureltfaltpetre j purefaltpctre,which 
has been dried as gunpowder is dried,, 
does not become heavier by expo- 
fure to the atmofpherc; at leaft, its 
increafe of weight is very fmall, not 
amounting, as far as my experiments 

have 

* I-Iift. Nat. dc rEfoaff* . 
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have informed me, to above one y 2 d 

•part of its weight; I rather think 
that it does not acquire any increafe 
of weight. But faltpetre mixed with 
fea fait, attrafls the humidity very 
fcnfibly, and hence, though there 
fhould be the fame weight of falinc 
matter in a certain weight of gun¬ 
powder, yet the goodnefs of the pow¬ 
der riiay be very variable? not only 
from the foreign faline matter, be it 
fea fait, or any other fair, hijuring 
the quality of the powder as being 
an improper ingredient, but from 
its rendering the powder more liabl-^. 
to J)ecome humid. 

Saltpetre being the ingredient, in 
which there is the greatcfl: room for 
fraud, in the compofirion of gun¬ 
powder, and on the quantity of which 
its fLrength chiefly depentl'i^ the tea* 

B 4 
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I 

tier will cxcuie the minutencfs of the 
following procefs, to afoertain thtf 
quantity of faltpetre contained in 
any fpecimen of gunpowder. 

Take any quantity of gunpowder, 
pound it in a glafs mortar till all the 
grains are broken, lay it before a 
gentle fire till it be quite dry^ in that 
ftatc weigh accurately any quantity 
of it, fuppofe 4 ounces > boil thefe 
four ounces in about a^qiiart of wa¬ 
ter, the boiling need neither be vio¬ 
lent nor long coniintied, for the wa¬ 
ter will readily diffolve all the falt¬ 
petre, or other falinc matter, and not 
a J>article of either the fulplmr or the 
charcoal of the powder. In order to 
feparate the water containing the 
faltpetre> from th? fulphur and char¬ 
coal, pour the whole into a filter 
made of brown paper j the water 


con« 
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containing the ftltpetre will run 
tfiroiigh thtf paper, and muft be care¬ 
fully prefcrved; the charcoal and 
fulphur will remain upon the paper. 
But as fome particles of faltpetre 
will (tick both to the filtering paper' 

4 

and to the mafs of fulphur and char¬ 
coal, theie are to be repeatedly.wafh- 
ed, by pouring hot water upon them, 
till the w'atcr in running through the 
filter is quite jnfipid ; then- we may 
be certain, that we have all the felt- 
petre originally contained in the pow- 

JB 

der, now difiblved in the water, and 
all the fulphur and charcoal fenrtain-, 
ing a mi«ed .mafs upon the filter. 
Thefe refpeAive quantities may be 

i 

afeertained without much difficalty. 
The water containing the difiblved 
faltpetre, muft be evaporated by a 
gentle heat; the faltpetreKiannot be 
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evaporated by the fame degree of 
heat which evaporates tfue water, all 
the fakpetre then contained in the 
gunpowder, vvill remain after the 
water is difperfed, and being care¬ 
fully collected and weighed, it will 
fliew the quantity of faline matter 
contained in the powder. Dry the 
'm^fs of fulphur and charcoal, by 
laying the filtering papef containing 
it before the fire j it fhould be made 
€is dry as the powder was before it was 
diflblved in the water: in that ftate 
weigh the fakpetre and charcoal; and, 
when the experiment has been accu¬ 
rately made, the weight of the falt- 
petre, added to that of the mixture of 
fulphur and charcoal, willjufl amount 
to four ounces, the weight of the 
powder. The quantity of faline 
matter contained in any fpecimen of 

gun- 
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gtrnpowdcr, being thus afcertaincd^ 
its quality may^be known by diflblv- 
ing it in water, and cryftallixing it > 
if any part of it cryftallizes in little 
cubes, it is a fign that it contains 
fca fait 5 or if any part of it, after 
being duly evaporated, will not cry- 
ftallize, it is a fign that it contains 
another fort of impurity, called by 
faltpetre makers, the mother ofnitre^ 
which powerfully attracts the humi¬ 
dity of the air»r 

The gunpowder marked r f, 
analyfed in the following manner.. 
Twenty-four grains, by evaporati|ig» 
the fulphur, were reduced to niiie- 

4 

teen 5 thefe nineteen grains gave, by 
folution in water and fubfequent ni¬ 
tration and cryftallization, 

grains of falipctre, the charcoal, whien' 

\ 

properly dried, weighed three gi^ains. 

Ac- 
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According to thefe proportions, loo 
pounds of this kind^of gunpowder 
confifted of 


Saltpetre 

Sulphur 

Charcoal 


66y 

20 ^^- 

12 ^ 


loolb* 

r tried this gunpowder*in two or 
three other ways by taking larger 

4 

quantities of it, but the quantity of 
faltpetre was always 1)6 lb. together 

fir I 

wkh ibme fraftional part of a pound, 

< 

from lOolb. of gunpowder. The 

powders marked with a fingle and 

a double f, differ in the fize of the 

grain, but they do not feem to differ, 

'as far as I have tried them, in the 

quantity of the faltpetre they contain. 

From fbme forts of powder, I have 

got after the rate of 76 lb. of falt- 

pctrc, from 100 lb. of the gunpgwdcr. 

‘ ^ cTh« 
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The method of analyfing gun¬ 
powder, by evaporating the fulphur, 
is not wholly to be relied upon j I 
have often obferved, that when mix- 
tures of fulphur and charcoal have 
been expofed to evaporation, on a 
plate of heated copper, the remainder 


has weighed lefs than the charcdal’ 
which entered the compofition, part 
of it having been carried off by the 


violent evaporation of the fulphur? 
and hence the proportion of fulphur 
in the above analyds is probably jtoo 


great, I am aware that this obferya- 
tion is wholly oppofite t<^v the con- 
clufion of M. Baume, who contci|ds, 
that one twenty-fourth part of |he 
weight of the fulphur employca in 
any mixture of fulphur and c&r- 
coal, adheres fo flrongly to the'cliaf- 

cdal^hat it cannot 

♦ 

It 
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it without burning the charcoal*;— 
I can only fay, that he ieparated the 
fulphur by burning it, and 1 feparat- 
cd mine by fubliming it without fiif- 
fering it to take fire, and this differ¬ 
ence in the ntanner of making the 


experimenr, may perhaps be fuffi- 
• cient to account for the different 
refults.—But it is unneceffary to 
purfue this fubje( 5 t further; there arc 
/cverai things to be*attended to in 
forming a complete analyfis of gun¬ 
powder, which any perfon tolerably 
well verfed in chemiftry, would cer¬ 
tainly tal^ notice of, if the analyfis 
of any particular powder was requir¬ 
ed to be made, and whicli cannot in 
this general view be minutely de- 
fpribed : and, indeed, ir is the lefs 

I 

iieccflkry to enter into a detail on 
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povvJer is not much afFcd:ed by fmall 
variations im the quantities of the 
fulphiir and charcoal, which enter 
into its compofition; and the me¬ 
thod of afeertaining the quantity and 
quality of the faltpetre, in any par¬ 
ticular gunpowder, has been fufii^ 
ciently explained. 

In order to judge with more cer¬ 
tainty concerning the efFcdt of fca 
fait, when mixed wdth faltpetre in 
attrading the humidity of the air/ I 
made the following experiment. Five 
parts of pure faltpetre in powder, 
were expofed for a month to a moift 
atmofphcrc, but I did not obfe^c 
that the faltpetre had gained the lekft 
increafe of weight; for the faine 
length of time, and in the fame place, 
1 expofed four parts of faltpetre 

nlixed 



( 3 ^ ) 

mixed with one of common fait, and 

this mixture had attradled fo mucji 

# 

moifture, that it was in a ftatc of 

•4 

fluidity. 


ESSAY 



ESSAY IL 


OP COMMON SALT. 


C OMMON falc is a neutral i^t; 

it has neither an acid nor an 
alkaline tafte, nor does it change the 
blue colour of vegetables into a red 
as acids do, nor into a green as al« 
kalies do. It con fills of two things, 
of an acid peculiar to itfelf, and of 

i 

the alkali which is feparable from 
the afhes of marlh famphire and 
other maritime plants, and which 
VOL. ir> C has 
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has been denominated the mineral or 
fcjfile fixed alkali. The foffjle alkali, 
as was obferved of the vegetable al¬ 
kali, when the manner of deconi- 
pofing faltpetre was explained, is 
more powerfully attrafled by the 
acid of vitriol than by the acid of 

•common fait; hence common fait 
is effeiftiially decompofed when it is 
diftilled in conjun( 5 tion with the acid 
pf.vitriol, for this acid expels the 
acftl of common fait from its union 
with the mineral alkali, and unites 

itfelf with it in its flead : the acid 

*■ 

of common fait being thus difen- 

gaged from its bafis, is eafily, by the 
heat, raifed in vapour, and forced into 

the receiver. The acid of common 


fait, thus obtained, is very volatile, 
^confantly emitting white fumes; and 
It is ufually called the marine acidy 

> r 
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the muriatic acid, Glauber^ sfuming acid 
hr fpirit of fait. If the reader pours 
a few drops of very ftrong acid of 
vitriol on a fmall portion of dry 'com¬ 
mon fait, he will fee a wliite vapour 
arifing from the fait j this vapour i^ 
the mod' volatile part of the acid of 
the' falt^ and a juilgiTient may^ be 
formed of its pungency and vola¬ 
tility, from its prefcntly infe6Un, 
the air with its fmell to a great ex| 
tent. This acid vapour is a kind’ 
of air, for it retains its elaftieiti for 
fome time, not being readily; |od- 
denfable by cold. It has engiged 
the attention of Dr. Prieftley; |nd^ 
with his accudomed ingenuity, h| has 
made feveralcxperimcntSyfrom 
we learn, that this vapour, ^he'n |on* 
denfed, conftitiites an acid wl 
twice as heavy as rain wat^, ani 

C 2 
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the ftrongeft acrd of fait may con«* 
fidered as confiding of ont third of 
this elaftic vapour, and of two thirds 
6 f water*. After the extradion of 
the aaW, which is one of the confti- 
tuent parts of common fair, there 
Remains, in the veffcl ufed for the 
didillation, a cotl*)pound mafs, con¬ 
fiding of the aaW of vitriol united 
with the mineral fixed alkali^ the other 
conditucnt part of common fait: 
this' is proved by diflblving the mafs, 
ahd crj^ftaliizing it, for the cry dais 
are prccifely the fame as would rc- 
fulc from a dired combination of the 
acid of vitriol with the mineral fixed 
alkali. The fait refulting from a 
decompolition of common fait by 
means of the acid of vitriol, or from 
it diitd combination of tnac acid 

with 

• Pbilof. Tranf, \iii\ p. ^39% 
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with the mineral alkali, is the genuine 
*Glattber's*Jdt. The artificial conft* 
pofuioa of common fair, confirms 
the account we have given of its 
conHiiuenc parts from its analyfis, 
for if w%comhjine the acid procured 
from difiiUing commpn fait and acid 
of vitriol together, with the mineral 
fixed alkali, there will refult from 
their union, a fait, is all refpectsthe 
fame as common.f^t, except that it 
will be foipewhat more pure <han 
common fait j the fait thus produced 
is called regenerated fait. 

1 

Common fait is generally diftin- 
guilhed by mineralogical writeij in- 
to three difFerent forts —fojtle fait' 

V A < 

fpring falt^fea fait. In, chcii^ftry 
though we admit this diytfioti, as 
ferviceablc in pointing out the three 
general fources from which common 

C 3 fait 
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“fait is moft copioufly derived, yet 

£ 

we reckon ail thefe falts, vHien pure, 
to be of the fareye fort; they are all 
compofed of the marine acid, and of 
the mineral fixed alkali. 

Foffile or rock Jalt^ is found in large 
beds in the bowels of the earth, in 
every quarter of the glob^ ; it is 
fometimes cryftallized, and as tranf- 
parent as a diamond, and it has thcncc 
'been called fal gemmai but it is more 
frequently found in irregular ruaiTes 
iof a red, ydJow, or blue colour. 

There are fcveral mines of rock fait 
near Northwich in Chcjhire\ the firft 
-of which was difcovered, as they were 
boring for coal, in the year 1670’^'. 

The fprings which are met with., 
both above ^uAielow the level of the 
Northwich bed of rock fait, are 

• Pliilof. Xranf. No. 66. * , 
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ftrongly impregnated with fair. This 
is eafily Accounted for ; the rain wa¬ 
ter, in (inking through the ground 
which lies over the rock fait, at laft 
arrives at the fait; its further defcent 
is in a great meafure obflrucled by 
the folid body of fair, it refts upon it, 
and ir? rcfting upon the fait ip dif- 
I'olvcs it, and thus conftirutes a brine 


fpring above the level of the bed of 
rock fait. The brine fprings, which 
are found below that level, probably* 
arife from the water, which hajs dif- 
folved a portion of rock fait, in^fink- 
ing to that depth in the earth, V 
1 have had the curiofity to feo' to 
the bottom of fome of the m^ft fa- 

t V 

mous mines in Fnglandj fuch^s the 
Coppermine atEfton; thecoaltnines 
at Whitehaven and Newcaftlcj the 
cannc^coal mines in Lancafliir^ / and 

C 4 a va* 



( 4 ° ) 

a variety of lead mines in Derby/hire, 

and other places; but I never thought 

my labour, in thefe fubtcrraneous 

expeditions, fo well rewarded, as in 

the fight of the rock fait mines at 

Northwich. The falc mines at Wi^ 

Uezka near Cracow in Poland, have 

# ^ 

long been a fubject of admiration, 
and every traveller has exerted his 
delcriptive talents, in magnifying the 
ftupendous wonders which are there 
to be met with. Thefe mines have 
beCD' wrought above five hundred 
years, and from that circumftance 
we may readily imagine, the great 

number of vaft caverns which have 

1 

i^en formed in confcquence of the 
blocks of fait which have been an¬ 
nually e'xtrafted: yet it deferves to 

that the Northwich 
are fuperior to thofe 


be reparked, 
roclMdc roines 

f- 
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of Cracow, with refpefl: to the quao« 
tify of fait which is annually raifed* 
The fingle pit into which I defcend- 
ed atNorthwich, yielded at a medium 
4000 tons of fait in a year; this 
quantity is about* two thirds of that 
which is raifed every year in the Po- 
iifli mines here fpoken of^‘. 

A great quantity of rock fait is 
ufed at Northwich, in order to 
ftrengthen their brine fprings, and a 
much greater quantity is fent coaft- 

c ^ 

ways to Liverpool and other plat^s^ 
where it is ufed either for (Iren^li- 
ening brine fprings or fea waCfr; 

Hi 

much of this rock fait was formlrly^ 
exported to Holland, and it is |lili 
fent to Ireland for the fame purpofe. 

•H 

Rock fait, and the white ialt which: 

^ • 

IS 

* See Menioire Air de Sel de 

'Wicliczka,en Pologfle, in Hift, dc PAcad* 
Jkifin, a Par. ijhz. 
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is at Northwich, chiefly made from 
rock fait, is exported fr^e from the 
fait duty 5 and I was Informed that 
the quantity which is annually ex¬ 
ported from Northwich, is fo great, 
that, if it paid thfe duty, it would 
bring in to-government, a furn not 
. much fhort of four hundred* thoufand 
pounds a year. According to the 
bcil atcouncs J have been able to 
•ptoGiirej the grofs duty on fait made 
'in'*South Britain, amounts annually to 
vfeven hundred thoufand pounds,^” 
‘The duty on fait made at Northwich 
is about feventy thoufand pounds a 
year, or a tenth part of the whole 
duty}*. 

- ' The 

' ♦ Camp. Sur. of Brit, Vol. IT, p. 26. 

- f Since I received this information, an ad- 
, ditional duty of lod. a bufhel ha:s been laid, 
j;in j 760, on fait. The whole duty npw amounts 
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'rhc Northwich rock fait is neyqt 

T 

uied at our*tables in its crude ftate ^ 
and its application to the pickliogot 
curing of flelh or fiih, or preferving 
any provifions, without its being pre^:,. 
vioufly refined into white falty that is^ 
without its being diffolycd in wat,<^ri 
and boiled down into what is called 

d 

_ ' ifc 'I 

white fait, is prohibited under a pe- 
iuilty of 40s, for every pound of 
jock fait fo applied. The pure rrapf^- 
parent malfcs, however, of rock fj^tJ 
.might, probably, be ufed by usj^tli 
our food, without any Ibrt of danker 
or inconvenience ; at leaft, we ki|pw 
that rpek fait is fo ufed, without 
jng refined, both in Poland anti in 
Spain. In the laft of thefe covintr|es^ ^ 

at 

\ 

to 4s. 2d. thehulhelp thebuihel weighmg.01b. 
The makers of fait can 
to fell their ialt^ eaclujive 
to »od. a huQiel. 

1} 


brd, 

V froiri 84 
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at 'Cotdim& in the province of Cataio* 
iifa^ there is a folid mountain of rc^k 
t)etween four and five hundred 
feet in height^ and a league in cir¬ 
cuit I its depth below the furface of 
the earth as not known''". This 
prodigious mountain of fait, which 

has no mixture of other mfittcr with 

» • 

it, isefteemed fo lingular,an appear¬ 
ance, that it is thought to militate 
very much again ft .the opinion of 
{hofo, who would derive the origin 
of all the beds of rock fait, which 
are found und^ the furface of the 
earth, the evaporation of fait 
water, left in fubterraneous caverns, 
leither ^ the deluge, or upon fom? 
lOOrhtoeAl commotions of the globe. 

The 

^ Kift. Nal. de I’JSfpag. p. 406. See an 
actotiat Cif ttiqnnta^ns of todk fait m 

a w%^niv«ls, 'p. 2^9, and in Pfjny^s Hift, 

e. 7. 
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The quantity of rock Mt wbi<^ 
may be di^olved in a definite quait« 
tity, fuppofe a pint or i 6 arotrdu* 
pois ounces of wateri is diffet^ndy 
eftimatcd by different authors* 
baav^ is of opinion^ that i€ 
of water will not diffolve qtfite five 
ou nces of rock fait* ^ Sfulmamthiakn 
that they will diflblvc 64 ounces f; 
Newmann agrees with Spielmann J; 
Eller fays, that feven ounces of fofiile 
fait may be diffolved in 16 dunces?of 
water § ; laftly, Hoffmann afiui^s jus, 
that 16 ounces of water will not qif* 
folve above fix ounces of cotivnioii 

f 

fait). 1 have tried this mattei^ 

•' r- 

difillled and with cotWiAon w 

' « , wjf ' J 

« Cbeao. Vol T. p. 476* 
f loa«Cbein.p. 48. 

% Newipann’s Chem, by Lewis^ 
i Obf. Pliy. Cheifcr. tn fit OtiK xvi 

^ it t 

JI^Ber.MctDt Z750t 
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in various degrees of heat, and 
cannot but be of opinion^ that Ho*iT' 
mannas experiment approaches near- 
eft to the truth ; I never could dif- 
iblve quite*Ux ounces of rock fah in 
i6 ounces of water* It is not wholly 
improbable, that different forts of 

rock fait may differ fomejvhac with 

* 

refped: to their folubility in water. 

If it be admitted, that i6 ounces 

* 

of water can diffolve fix ounces of filt 


and no more, then we rnay be cer¬ 
tain, ^that no brine fpring, in any 


part of the world, can yield fix ounces 
of fait frorfi a pint of the brine. For 
brine fprings are, ordinarily, nothing 


but- water in which foflile fait has 

)• 

been diffolved; but a pint of the 

I 


ftfongeft brine cannot contain fo 
flrioch fait, as is contained in a pint 


of •which has been faturated 


wkh 
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with fix ounces of fait 5 for a pint .of 
wa^tr, in wlricb fix ounces of fait have 
been diflblved, is increalt'd a little in 
bulk, it will do more than fill a pint 
mealure, and the fait left in the fur- 
plus will fhew, how much the fait, 
contained in a pint of the ftrongell 
brine, falls Ihort of fix ounces. Of 
we may confider the matter in- 
the following manner, which will, 
perhaps, be more intelligible ; i6j 
ounces of water, impregnated with^fijfc 
ounces of fait, conftitute a faturated 

* ) V 

brine, weighing 22 ounces; it thdre- 
fore w^s would know how much ialt. 

is contained in 16 ounces of 4clt 
brine, by the rule of propqrtioi^^wc 
may argue, that if 22 dunces of bfinc 
contain fix ounces of fait, 16 0Uf{|ces 

•v« 

<f> % 

of brine witl contain A-rV ounces of 

if K ^ ^ 

Hi ' 

fait. Hence we may iftfef> th^t the^ 

firongeft 
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i 

"ftrongeft brine (J>rings will not yield 
much above one quarter of their 
weight of fait*. . 

Dr. Leigh, who firft ftiewed the 
«manner of refining rock fait, informs 
that ibineof the ilrongeft fprings 
at NOrthwich, gave feven or eight 
t ouoees of fait from a quart of brine.; 
»but a quart of brine weighs confider-- 
ably more than yt, ounces, the weight 
of a quart of water; fo that the 
JJorthwich fpring$, from this ac¬ 
count. 


^ Several and 

at Barton in hmcajbir*^ contain, no lei's than 
ia ounces of upon fixteco of ; which 
is as lar^ a proportion of fait as water |f^tt 

KeWtn. Chem. p^ au, Lewis’s nOti^^ 
l!hc author h^e is fallen, probably, into a Uttle 
iniftabi^' by confptmding a pound .of water 
with a pound, of brine; forn a pound or i6 
ounces of ww will only didhlim ounces 
ialt, a pMO of the brine, thiu fenofid, wiU 
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count, do not yield a quarfcr of 

/ V 1 - 

veiiiht. At MUdlewkh tberc is laid 
to be one fait fpring, which is ftrongcr 
than the reft; this fpring yields ^ fuli 

t 

fourth part of ^nd hence it is^- 

probably, fully faturated. Wchave- 
an account, in Kircher^S worir^, of 


fomc famous brine fprings in But^gun* 
dVi from which we learn, that one 
hundred pounds weight of the 
ftrongeft brine gave 25 pounds, dr 

juft one fourth of its weight of white 
fait f. 

There are a great many*; brine 

i 

fprings in Chejbire^ 

Staffordfiire^ Hampfinre^ and other 
parts of Great Britain, fomeo|whit^ 
arc fufficientiy rich in*, faltltp bd 
wrought with profit, othe^not, 

I •From 

^ * Philof, Tranf. No. 53. " 

f Kirch, Mon, Sub/Totn;tl,’ 

▼OL. ir.^ D 
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From what has been before advanced 


the reader will readily cOmpreherd 
that i6 tons of the ftrongeft brine 
confifl: of I j tons of water, and of 4 

tons of fait; and that, in order to ob¬ 
tain thefe 4 tons of fait, the 12 tons 
of water muft be, by fome means or 

A ^ 

ocher, evaporated, fo as to leave the 
fait in a concrete form. ^Suppofe 
there lhauld be a Brine, which in 


tons flbould contain 15 tons of water, 
aq^d only i ton of lalt ; yet it may 
chance, that fuch a weak brine may 
be wrought with more profit than 
the (Irongcft; for the profit arifing 
frotp the boiling of brine into Ihlt, 
depends as mu(^ upon the price of 
the)|ucl ufed in boiling it, as upon 

the qu^ity of fait which it yields. 
Thus the fea water, which furrounds 


ihe^coafts of Gmt Bri;ain, isfaid to 

^ ^ bold 
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t 

hold feldom more than one thirtieth, ^ 
or’iefs tharv one fifficth part of com¬ 
mon fait} but fuel is fo cheap at 
Newcaille, that they can evaporate 
thirty or forty tons of water, in or¬ 
der to obtain One ton of fait, and yet 
gain as much clear profit as thofo 
do, who, jn counties lefs favourably 
fituated for fuel, boil down the 
ftrongeft brine. 

The advantage refulting from 
ftrengthening weak brine pr feaT wa«“ 
ter, by means of rock fair, is very 
obvious. Suppofc that the fea water 
verpool, wHere large quanlitics 
S roclk fait arc refined, would field 
I ton of fait from 4S tons of ^tcr, 
then mufi: a quantity of fin|l |^- 

cient to evaporate 47 tons of TOter 
be ufed in order to obtain i tpn of 

fait. But if as much rock^fa^ be 


o no 
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put into the 48 tons of fea water, as 
can be difTolved'in it, then will the 
fea.water refcmble a brine fully fatu- 
rated, each 16 tons of Which will 
give 4 tons of fait, and the whole 
quantity yielded by the evaporation 
qf 47 tons of water, will be 12 tons 

pf fait. 

In warnn climates, fuch’ as Italy, 
Spain, and the fouthern provinces of 
franca, where the heat of their fum- 
iuer is fgfficient to exhale confidera- 
ble depths of water in a little time ; 
they prepare large quantities of what 
is called bay fait, at a very fmall ex- 
pence. Their general method is to 
felcft a naarfhy fpot of ground, com¬ 
municating by fluiCes with the fea, 
and fu^ciently removed from frefh 
fprings, and the mouths of large 
rivers. In this ground they form 

*5 • ^ ufually 
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ufually three pits of fmall but difi* 
fjirent depths, and by clay and tim¬ 
ber they 1C cure them from leaking. 

iM 

_ i 

The fea water is let into the firft and 
deepeft pit, from which it flows flow- 
ly, fo as to give the mud and land 
time to fettle, through the fecond 
into the third, where it is foon in- 
fpiflfated by the heat of the fun into"* 
a ftrong brine. This brine being 
flill further evaporated by the conti- 

t 

nued action of the fun, concretes i nto . 
cryftals of fait, which gradually fink 

to the bottom of the pit. When a 
proper quantity of it is formed^ it is 
drawn out for ufe, and Is of di^erent 
colours, according to the colour of 
the clay employed in, ;maki|g , the 
pits. In a favourabie fiJIfoi^, the 
French are faid to be able to make 
enough of bay fait in a fortnight, tQ 

D 3,, • fupt 
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fupply their home confumption for a 
year, and the wants of the other na- 
, tions, who pufehafe from them much 
more than is conftimed in France*. 

In this method of making bay fair, 
art has but copied native: for we 
read in Pliny, Alonfo Barba, Shaw, 

and others, of large briny lakes, 

( 

■ which are evaporated, in many parts 
of the world, to a perfed: drynefs in 
fummer time; when the inhabitants 
Ayjt and carry away as much fait as 
they have occafion for. A remark¬ 
able lake of this kind was met with 
by Mr* Maflbn, in his botanical ex- 
curfions from the Gape of Gtod Hope. 

i^’s falt-pan is a lakefc- 

veral 

■ 

* Set Dr. Brownrigg’a Trcatife on the Ait 

Off m'akmg common Salt, where the if peer’s 

ei3^i^ on ibi® will be abunJantly 

gratig& 
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veral miles diftaht from the fca, ahd 

j 

an eminence. In the rainy 
fcafon it is wjth fre(h water,. 

I 

which, by the faltnefs of the ground, 
foon becomes ftrongly impregnated 
with faline particles; and wheri the 

t 

fLimmer’s heat exhales the frelh wa- 
ter, the bottom of the lake is covered 
with a cciifl: of pure fait two or three 
feet thick. The kkc is about three 


miles round, and furrounded by a 

rifing ground 


Though it appears, from wl|at Dr. 

4 

Brownrigg has faid upon this fob- 

r' 

jeft, that we might, with mufh ad¬ 
vantage ' to our trade, irhita^ the 
French in their manner jpf pft^Uring 
bay fait; yet moll of our fait Is pie- 
parediiby ..boiling either the bline of 

4 

fait fprings, or fea water, into! white 



• Bhilof, Tranf. 1776, p. 297. 
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fait. In Hamplhire, and fome other 
counties, they have a method 'of 
heightening the fea water intoa ftrong 
' brine, by expofing it to the fun in 
large pits, much after the manner in 
which bay fait is madej and fo much 
of the fea water is, by this means, 
naturally evaporated, that though 
they boil the remainder with New- 
caftle coal, yet they can afford their 
fah at a Icfs price than the New- 

faft boilers can afford theirs; 
though the > fea water is, probably, 
equally impregnated with fait at 
both places. 

The greatefl; difficulty .which at- 
^ds the making of bay fait in Great 
Btitain, arifes from tho heat of our 
fummer not being fufKciently ftrong, 
to evaporate a great quantity of fea 
water in a fmall pordbn; of time. , I 

will 
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will mention an experiment or two^ 
wbich fuggcfted a hint^ that may 
not, perha|)S, be unferviccablc to 
thofe who Iball, in future, be dif- 
pofed to attempt the making of bay 
fait. 

I took a piece of coarfe linen cloth^ 
its area was a fquare yard, and having 
thoroughly wetted it with water, but 
not fo much as to caufe it to drip, I 
weighed it, and in that wet ftate ex- 
pofed it to a warm fun in June, wherv 
there happened to be but little v^ind^ 
it was not laid upon the ground, but 
held oppofite to the fun, fo thaf the 
air and fun had a free accefs to every 
part of it} it became nearly in 
an hour, and in that fpace of time it 
had lod eight ounces of its weight. 
— Upon another occadon, when 

k 

there was a bright fun and a briik 

" wind. 



( 58 ) 

wind, cn an April day, a fimilar ex¬ 
periment was made; and the ^Ibth 
loft after the rate of 6 ounces in one 
quarter of an hour) hence, if it had 
been kept conftantly wetted, it would 
have loft in i6 hours 24 pounclK; a 
pound of water is equal to a pint in 
meafurci and therefore we may infer, 

/I 

that in a fummer day of 16 hours in 
length, 24 pints, or three gallons of 
water may be dilperfed into the air, 
;J>y a warm fun and a brilk wind, from 
the furface of a linen cloth, equal to 
one fquare yard. 

Now it is very poflible, in any 
place where bay lak is made, to de- 

vife means of wetting and drying al¬ 
ternately any number of fquare yards 
of coarfc cloth; one labourer, affifted 
by proper mechanical contrivances, 
might be equal to ttft daily manage¬ 
ment 
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merit of a thonfand yards, or more* 
By^this plan, in favourable weather, 
there woujn be daily" evaporated 
twenty-four thoufand pounds of wa¬ 
ter, which, fuppofing fca water to 
conllin one thirty-fccond part of !ts 
weight of fait, would give yea pounds 

i 

of fait. Thofe who have feen the 


artifice of ftrengthening brine, which 
is praftifed in Ffanche^ComtCf and 
other places, by making it drip 
through faggots, in order that the’ 
evaporation ttiay be increafed, by in- 

i ^ 

creafing the furface of the water 
which is expofed to the air, will not 
be furpriftd at the mefhod'^f c.^po- 
rating Water'here hinted at. f ^ 
Though the cohftituent pa^s of 
common fait, when free from a8 Ke- 


terogencous miittures, are probably 
the fame in every part of World, 

yet 
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yet in tlie ordinary ftate in which it 
is met with, it is found to have very 
different qualities, and lijay properly 
enough be divided into different forts- 

O 

Bay fait differs in (enue of its pro¬ 
perties from the white fair, prejiared 
by boiling brine or fca water; and 
both the bay fait and the boiled fait 
have, refpedtively, different qualities, 
according as they are prepared at 
different places. Xhere are two ge- 
.neral rcafons of this diyerlity $ one 

K a 

refpedts the manner of preparing the 
fair, the other refpedts the quality 
of the water from which the fak is 
prepared. When fea water or.b|rine 

i 

is boiled into (alt, a pHition pf ^the 
acid, which is one of the conkituent 

pa^rs of the f^k> is difperfed; and 
a greater or lefs portion is difperfed, 

according as the fait has been formed 

with 
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witli a greater dr kfs degree of heat. 

have an inftance of this, both 
in bay faU when compared with 
boiled fait, and in the different forts 
of boiled fait when compared with 

I 

eadW other. Bay fait is prepared 
from fea water, by the mild heat of 
the fnn, and it is generally cftcemed 
much llrongcr than the white fait, 
which is prepared likewife from fea 
water by boiling the fea water. Ax, 
Northwich, and in other places, the^ 
prepare from brine, not only the 
ordinary white fait, but a fait v^hole 
cry dais arc much larger thai^ the 
ordinary fait, and which is u$}ally 
called fhiv^ fait. This Ihivetly fait 
is efteemed itrongcr than the dther, 
and it is formed by a milder beat $ 
for in forming the ordinary fait, the 
brine is kept gently boilings but in 

* forming 





forming the large-grained fhivery 
lair, they let the brine cool till th^y 
can bear to put their haVds into it, 

and keeping it in that ftate, as near 
as.may be, from Saturday night to 
Monday morning, the ihivery fair is 
gradually formed. Sea water, brine 
Iprings, and rbek fait, generally con¬ 
tain, befides comn^on fait, various 
other earthy and faline ingredients, 

fuch as the calcareous earth from 
which filli-fhclls are probably form¬ 
ed the. earth -called magncfia — 
Efjom JaltSy or the fait rcfulting from 
the combination of the acid of vitwpl 

i> 

with magnefia j—or the fait 

rcfulting from the corWination of 
the acid of vitriol with the earth of 


the nature of'iilh fhelis yt^Clauhef$ 

\ 

I 

I 

falt*y—fixed alkali uncombined with 
any acid, Sometimes all thefe 

c'hetero* 
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heterogeneous fubftances, and fome- 
tifffcs only a few of them are found 
in the waters from which common 
fait is prepared; they are all of 
them foreign to the nature of the 
fait, and injure its quality 5 and 
hence we may, without difficulty, 
comprehend that common fait may 
have very different properties, ac- , 
cording to the quality of the water 
from which it is made, or the fkill 
of the falt-maker exerted in feparat-* 
ing thefe mixtures from it. The 
Dutch have long been famous ‘for 
preparing a fait for the pickling of 
herrings, J)y%which they have tec- 
quired a fupRority in that articli of • 
commerce over all other Euro^an 
nations. Their principal fecr^ in 
this bufinefs confids in evaporating 
the brine madq from the folqtion 
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of bay fait with the gentleft fire, and 
in mixing with the brine a prbper 
quantity of very Jbur tc\]^; the acid 
whey unites itfelf with ifhc uncom- 
bined fixed alkali before mentioned, 
and thus prevents it from adhering 
to the common fait as it cryflallizes. 

L 

Any other mild acid might probably 
aofwer the fame purpofe. This acid 
whey is called tfzy.* Ics HollandoiS' 
fe fervent de Vazj^ dans le travail en 

T 

. grand pour raffiner nos fels de mer, 
ct pour en rendre la criftallifation 

lion de fournir les meilteures falai* 

w 

% 

fons de rEurope* 

« 

Hift. de l*Acad. de Sclen. 1762, Dr. 
Brownrigg hW mentioned this fecret of the 
Dutch above 30 years ago, in his excellent 
treadle before referred to,. The reader will 


parfaitc 3 e’eft par cet artifice qi? 
font depuis long*TCmps, en pofli 
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I 

meet with an accurate examination of the va¬ 
rious ingredients with which common fait, and 
the waters frr .n which it is made, are impreg¬ 
nated in Bau. ie*$ Chem. voL iii. p. 512*. 


VOL. 11. 


E 


ESSAY 




essay hi. . 


OF COMMON salt AND NITRE AS 

I 

MANURES. 


O MM O N fait, in the earliefl' 
^ ages of the world, was fo far 
from being held in any eftimation 
as a manure, that it was looked 
iipon as a fymbol of extreme ft(!kiiity. 
Long before the commcncemfot of 
profane hx^iory, y^ifimelecb to<|k the 
‘city Sheebem, and Jlew the people th^J 
w^s thereiny and heat down the dp\ and 
t(Kved it witb/alt^; intmuring'thcrc- 

I 

* Judgcjs ix. 45- 
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I* 

by his wifli that it might remain 
fruitful and uninhabited for ever. 

It does not appear froni hrilory, 
what .circumflance gave rifl* to this 

cuftom, or whether Abimelech was 
the firft perfon who introduced it,; 
but it has prevailed very generally 
‘ anrii^g mankind even to the pre- 
fent age, it being flill iifual to raze 
the houfes of rebels and traitors, 
an,d to fprinkle the ground upon 

which they flood with fair. Perhaps 
this general fymbolical ufe of fait, 
might be derived from what had hap¬ 
pened when Sodom was deftroyed,' 
and the Jalt Jea was, formed. This 
cbiyedure is, in fomc mcafure, fup- 
ported by obferving, that the fevereft 
denunciations of divine vengeance 
arc frequently expreffed by an allu- 
fion to that event —fiall he as 

to 

.3 . Sodontt 
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^o'domy and the children of Ammon as 
Gomorrab^^ even the breeding of nettles^ 
and fait \pits and a ferpetual dejola- 
Tton . TT’f zvholc land thereof is brint^ 
flone, and fait, and burnings that it is 
not fovan^ ?ior any grafsgrowetb there* 
uiy like the overthrow of Sodom -f'. 

rirgil reprobates a fait foil, as oc- 
cafioning the degeneration of fruit 
trees, and admitting no melioration 
from ploughing. 

Suit earth and bitter are.not fit to fow,* 

Nor will be tam’d or mended with the 

• I 

plough-. 

" f 

Sweet^girapcs degenerate there, and fruits, 

^linM 

From - tlieir firfl ilavVoua tafie^ .irenoun^e 
their kind ij:. 

* Zephaniah, ii. 9- 
■fs Deutcron. xxixi 23. 
t Vijgil’s Georg, h 2. Drj“d.*- 
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Pliny^ though he recommends thu 
givirfg of fait to cattle^ yet in fpeak- 
ingof folTile fair, hecxprefsl'^ affirms, 
,ihat every place in which it is 

found, is barren and unfit for vege¬ 
tal ion**^. 

Notwithfianding thefe and other 
tefthnonies of the ancients concern¬ 
ing the fterilizing quality of common 
fait, yet it is frequently ufed as a 
rmnure with great fuccefs. It has 

been the cuftom, ever fince the time 

1 * 

of Henry the Third at lead, for the 
farmers on the Curniji) coaft, to ma¬ 
nure their lands with fea fand, in 
which Tea fah is fo copioully mixed, 
that in many places it ufed to be 
excra£bed from a lye made of fand. 
Wht^n the fand has been lonsj ex- 
pofed to the air, it proves Icfs ufeful 

L and 

P Hift. Nat. L. Tix\\ c. 7. ' 
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and enriching, which is by fome at¬ 
tributed to its having been deprived 

I 

of a goodipart of its fait, by the dews 

and rainji'^. It may be obferved, 

that this land is of two kinds, Oirlfy 

and Ihclly; the fhelfy is produced 

from the grating of ftones one againll 
■ * 

another,, by the conftant walk of the 
fea, and is of little value; its qua* 
lity, however, will be different in 
different countries, according to tlje 
nature of the ftones expofed to th*e 
agitation of the fea j if the ftone^ hap¬ 
pen to be of the lirneftonc,kind,^.even 

the Ihelfy fand may be very fe,^ice- 
able j if the ftones pri.n<:ipally (fbnfift 


f 

i'». 


of flint, as at Yarmouth, andiothef 
parts of the Norfolk coaft, th| fand 

v/i'll differ very little from powered' 
flints. The fhtlly land in Cornwall 

E 4 , is 

I 

CamdenUritan, Cornw. 



( 72 ) 

is produced by the fame fludluatioii 
of the fea> as the flinty faijd in Nor¬ 
folk ; it confifts of the broken fliells 
of mufcles, cockles,,oyfter!L fcollops, 
and other fifb. This fand varies 
fomewhat in colour and in grain, ac¬ 
cording to the fubftances from which 

O 

k is formed, and the degree of agi- 
0 

ration it has been expofed to, and 
it is found to fertilize almoft all 
kinds of foils'^"* This pra<5tice of 
manuring lands with fea fand, has,, 
within thefe few years, been intro¬ 
duced with, great fuccefs in other 
parts of Great Britain. 

The Cbefijtre farmers purchafe no 
tnconfiderablc quantity of refufe fait 
from the fait boilers i they mix it with 
dung, 9 fid it makes an excellent ma- 
mure. This refufe fait cofls them 

, r eight- 

* Philof. Trank No. 113. 

4 
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clghtpence a bulhel, there being a 
duty of fourpence a buihcl iippofed 
ei\ it. W'hen the demand for this 

y' 

refufe fait Is very great, the fait boil¬ 
ers have a cudrom- to mix a quantity 
of foot, or other impurity, with the 
ordinary fait, and it then comes un¬ 
der the denomination of refiife fa?lt; 

1 

there were fold a few years ago at 
Northwich alone, near 3000 tons of 
it in one year, for the ufe of the farm# 

4 ^ 

ers in that and other counties. On 


the other hand, when the foil abounds 

7 

i 

v/iih ruflies and v/eeds, it is euftolnary 

% 

in Chefhire,.to lay a quantity of-rock 
fait upon it, as it is found utterly to 
deftroy every vegetable. Hence it 


Ihould feem, that fait, when uftd in 

J 

fmall quantities, is a good manure, and 
when in large ones, a real poifon to 
\cgctables.. Some of the African and 


^.rabian 
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Arabian dcferts are thought to ,bc 

# 

barien by their having too much 
fait in them ; whilft wafiy parts of 
Barbary are reckoned to' be peculi¬ 
arly fruitful, from their containing 
a lefs quantity of it 

Sir Pringle has obfcrved, that 
common fair, when ufcd in fmall 

k 

quarrtitics, as one ounce to twelve, 
accelerates the putrefaction of ani¬ 
mal fubftances, when in larger it re¬ 
tards it; and hence he deduces its 
utility, in afiifling the organs of di- 
geftion .in uian, and, perhaps, in 
other carnivorous animalsf-. The 
fame obfcrvation may be extended to 
graminivorous animals, they are all 
cxceedingl'y fond of fait, probabljr 

from 




iBSwitngjr on Salt, p* 159* 

^l^rv. on the Difeafeo of -the Army, 
ir J. Pringle, Appen* yxxix. 
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fioiti its great tendency to corrupt 
the aliment, and to render thereby 
its difcharg/ from the (Vonriach into 
rhc intc(lines, 'more cafy and expe¬ 
ditious. 

In like manner, fait, when applied 
rs a manure, in fmall quantijiics, is 
found to be very beneficiali not pro¬ 
bably from its entering as an aliment 
into the fubftance of vegetables, fince^ 
there are many experiments tending* 
ro prove that no kind of fait can of* 
itlelf become the food of plan&*, 

$uc 

I' 


* Wallenus exprefsiy (ays-— I^ea lela d«r 
quelle efpece qu* ils foicnt, ne p^*oer^pas.^ 
f.Tvir Je muj'rhure aux plaiitesy tti p^ 

ti!\-^mnii£s la vegetation ; and after quotinj| th® 
e xperiments of Kraftius, Alfton< and 
on the fubje^l, and examining the argu¬ 
ments on the oppofite /ide of the, queftion,,. 
he concludes the inquiry in the folldwing; 

^ word* t 
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but from its efficacy in reducing*' 
weeds, dried herbage, dead roots,. 
&c. into a putrid oilylmafs; the 
fruftifying virtue of oily compofts. 
being now generally, acknowledged 
but when it is ufed in a larger pro¬ 
portion, by preferving thefe matters, 
from corruption,, and drying up. or. 
hardening the fibrous capillaries of 
the roots, fo that they become unfit 
*for fucking, in- nutriment, the ferti¬ 
lity 


words I— -D^oii ‘ nous concluons que ks feis 
mineraux, ni lea fcis strangers, ni les terres 

minerals, nc contribuent point a. la nourri- 

\ 

ture des vegetaux. Elemens d'Agriculture 
traduits du Latin de M. Wallerius. Yverden, 

j 

176^, p.. 154, &c. 6 r an Englifti trandation of 
tbe fame work, by John Mills, Efq. F. R.S. 
London, 1770. Sec al£b the Principles of 
Agriculture and Vegetation, by Dr. Home; 
ekmenta of Agriciiltunf, by Dr. G- 
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key,of the ground is diminiflied, or 
wholly deftroyed, * 

As to the fertility of lands over, 
flowed by fja water, it may be in 
part owing to the (lime and mud 
left by it, and partly to the fait con¬ 
tained in it, which,, being in a fmali 
quantity, may contribute to the pu- 
trcfaflion of the effete vegetable 
roots, and the confequent produdUon 

I 

of an oily compoft. 

• ^ • 
Wirhrefpedk to nitre.as a manone, 

it is an opinion entertained by farm¬ 
ers, that fnow fertilizes the lands 
upon which it faUs, more than rain, 
in confequence of the nitrous ra||)C6 
which it is fuppofed to acquire 
freezing, Falfc philofophy firft galye 
rife to this idea*^^ and poetry haa 

con- 

* Gafiend, Pbyf. fee. iii. 1. u. .The cx- 

' Meoce 
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contributed to fpread the general 
error. 

——Oh ! may*ft thou often fee 
Thy ftivrowa whitenM by thir woolly ralii 
, NutTitious, fecitt nitre lUrks with in 

The porous wet, quickening the languid 
glebe. 

♦ Philips. 

What art thou froft ?— 

I 

Is not ihy potent energy, iinfeen 
Myriads of little /altsj or hooked or ftiapM 
Xnike double wedges, and di/FusM immenfc 
Thrci* watery,eai'th> and ether? 

Thompson. 

The 

illcnce of nitre in .TnolSr, and the fertilizing 
quality of falls, were lb generally admitted 
in the laft century, dtat philofophe^Teem 

' f 

to have been at no pains to prove either of 

to 9 ^ 

them, ■— On fait que la neige contlent beau* 
coup de parties nitreufts, et. que Ics fels con* 
tribuent vbciuconp ^ la feconditJ des terres. 
Aftea. dr Copenhagne, Collect. Acad. vol. vi. 

p* 


1 
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The ancients were acquainted with 
the fertilizing quality of fnow, and 
tiiougli they did not very intelligibly 
explain its^modeof operation in pro- 

I 

moting vegetation, yet it is remark¬ 
able, that the fnppohcion of faline 
corpufeks made no part of their 
illufiraticxi of that matter*. It.is 
not here intended to deny the fertil¬ 
izing virtue of fnow, but to lliew 
that it probably does not proceed 
from the nitre contatfied in it ; in 


fiipport of this opinion, I will rrifen- 
tion two of the moil accurate expe¬ 
riments, which have probably ^ycr 
been mtide on the fubje 1 . » 
Miir^graafy in the year 1751, fol- 
Icdtcd in the fuburbs of BerJiit' as 

V 

much fnow as, when melted, afrord- 
cd him one hundred meafpres of 


. water, 

% 

, ^ " Din. Hift. Nat. I. xvii. c. 2. 
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V'ater, each meafure containing 
thirty^fix ounces^. He colledted the 

fnow in an open fituation, in clean 

$ 

glafs veflTels, after the ftmofphcre 
was purified, by its having fnowed 
fbme time; in ftiort he ufed every 
pofiible precaution to procure the 
fnow free from every extraneous'im¬ 
purity. The nitrous or other falts 
contained in the fnow as it fell upon 
the ground were, no doubt, diflblved 
in the water after the fnow was melt¬ 
ed ; and, in order to afeertain their 
quantity and quality, nothing more 
was requifitc than to difiipate, by 
evaporation or diftillation, the water 
in which they were diflblved. From 
tbefe hundred meafurcs of fnow wa¬ 
ter he obtained, by diftilling it'with 
every foitable attention, 6o grains, 

not 

* Opi&f. Chy. vol. 
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it 

nett of nitre^ but of calcareous earthy 
together with fome grains, he does 
not mention the exafl number, of 
the acid of*fea fair, impregnated with 
a nitrous vapour. 

The fame quantity of rain water, 
colledted in the winter months with 

j 

equal precaution, and diftiJled with 
equal attention, yielded loo grains, 

• I 

not of nltre^ but of calcareous earthy 

* H \ 

with fome grains of the acids of njtre* 
and fea fait*. 


the 


-I 


* Toute la tlifferencc done entre Peavi de 


jyliile et Pcau de neige n* eft d*aucune impor¬ 
tance, et fc reduit k (ce. qiie F acide de If eatt 
de pluie eft plus nitreux^ et qu* die rename 
plus de ten'e' oalcaire, au lieu qge I’cau dc 
iidge a plutot un acide maria cue nitreuxy et 

V * ' < ' * 

contie'nt une moindre quantite de terre cal- 
caire. Opujfules Cliymiques, vol. ii.*p. ai* 







V»L, IK 


4 
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The author infers from thefe ex¬ 
periments, that the chemical differ¬ 
ence between rain and fnow water is 

|L 

•^ceedingly Imall; but'that the lat¬ 
ter, however, is fonicwhat lefs ni¬ 
trous, and contains a fomewhat lefs 
proportion of earth than the former. 

c 

But neither of them contains either 
earth or a^y 4 crnd of fait in any quan¬ 
tity, which can be fenfibly efHca- 
-cious in promoting vegetation. 

Suppofe an acre of land to be, at 
any one time, covered with fnow to 
the depth of fix inches ; and that 
this fnow would, when melted, be 
reduced in magnitude a fixth part, 
or that it would cover the land with 
water to the depth of one inch; then 
might it be made appear, by a very 
eafy calculation, that allowing 6 o 
grains of calcareous earth to every 

28 gal- 
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28* gallons and one pint of water, 
according to the proportion of the 
foregoing analyfis, the whole of the 
earth left upon the acre from the 
evaporation of the fnow water, would 
not amount to ten pounds in weight; 
nor the Jaline part to above a few 
ounces. Now k is very improbable 
that four or five ounces of any kind 
of fait, when fpread over an acre, 
dhould produce any fenfible efFcfl- in 
fertilizing the ground. And if ;we, 

if 

fuppofe the land to be Co often fo* 
vercd with fnow in the courfe of a 
year, that the fait left upon it wobld 
amount even to a pound, yet |he 
.difficulty would ftill recur, fipce 

V 

even a pound of fade reduced to^an 
* uniform pellicle, and fpread ovcfi an 
acre of land, would not mvch CX' 
cced in tihicknefs, the four hundred 

F 2 thoufandth 
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thoufandth part of an inch. So that 
if it (hould be admitted that nitre is 
‘a fertilizer of land, which many are, 
upon good grounds, difpofed utterly 
to deny, yet fo very fmall is the 
quantity of it contained in fnow, 
that it cannot be fuppofed to' pro¬ 
mote the vegetation of plants upon 
which the^’fn-ow has fallen. 

The peculiar agency of fnow as a 
fertilizer, in preference to rain, may 
admit of a very rational explanation, 
without having rccoiiife to any ni¬ 
trous falcs, which it has been fup- 
pofed to contain. There are two 
caufes conftantly afting upon the 
furface of the earth, one of which is, 
generally fpeaking, uniform in its 
flrength with refpefb to the produc-* 
ticn offbeat; the other is variable. 

I 

The internal fubftance of the earth 
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is heated uniformly, by fome prin¬ 
ciple or other which we do not well 
underftand, to the 48th degree of 
Fahrenheit’s’thermometer: this de- 
grec of heat is greater than that in 
which the watery juices of vegetables 
freeze, and it is propagated from 
the inward parts Of the earth to the 
jlirface on which thel-vegetables 
grow. The atmjOfphere being vari- , 
ably heated, by the variable a&ion 
of the fun in different cHmatesi and 
in the fame climate at different!, fca- 
fons, communicates to the ftltface 

fj 

of the earth, and to fome difliance 
beloyrlt, the degree of heat of cold 
which prevails in itfelf. Different 
vegetables are able to prefervi Jife, 
underdifferentdegreesof cold; butJal. 
of them perifh; when the cpld ^hicH 
leades their roots is extreme, Provi-» 

F 3 'demce,^ 
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dc-nce, in the coldcft climates, has pro¬ 
vided a covering for the roots of vege¬ 
tables, by which they are protefted 
from the influence of the atmofphc- 
rical cold; that covering is /now. 
Even in our climate wc often fee 
Ihrubs, and other fmall vegetables, 
killed by the feverity of . a froft, 
when it is unaccompanied with fnow, 
which, had there been eight inches, 
or a'foot of fnow upon the ground, 
would have remained unhurt. The 
fnow keeps in the internal heat of 
the earth, and it does not permit the 
cold of the atmofpherc to penetrate 
through its fubftance, and ©n both 
thefc accounts it keeps the roots of 
the vegetables, comparatively fpeak* 
ing, warm; a kind of vegetation is 
carried on under its furface, which 

fhews itfelf by the very ra 


pid increafe 

A i, 

wh*ich 
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i^ich plants of all kinds acquire in 
cold countries, as foon as the covers 
ing of fnow is removed by the ap¬ 
proach of* fpring, Thofe who are 
fond of malting oil the food of plams,, 
rnay derive part of the luSity of 
fnow ihj fertilizing the earth froim 
the oily partkles which it contains j 
for not onff. :thc-refidue which was 

obtained from the diftillation of fnow 

1 

water, had a brown colour proceed¬ 
ing from fome oily particles, but it. 
is very commonly obferved^'that 

fnow, as it thaws,, becomes ditty > 

.. < 

and this dirty appearance is probably 
enough referred to fomc parti^es of 
an oily or a mucilaginous ful^ance 
contained in it. .Snow, mod^over, 
in melting, moiftens and piilyeriacs 
*the foil, which had been bound up 

F4 by 
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by the froftj and as its water has a 
tendency to putrefadlion, it feems, on 
many accounts, without admitting it 

• * r 

to contain any nitre, to be admirably 
fitted to promote vegetation. 

In confirmation of the. analyfcs of 
rain and fnow water which were 

A 

made by Marggraf, I will here add 
thofe which we owe to the accurate 
indu.ftry of Dr. Rutty^.—iie eva¬ 
porated fix different fpccimens of 
the pUrelbrain water he could pro¬ 
cure, and found th^t a gaHon of tiic 
pureff: yielded fix grains, and a gallon 
of the mofi: impure 12 grains of a 
fubffance, for the mofi: part, of a 
dark brown colour, and a hitter^ 
bra€kijlj\ tafte. From a gallon of 

\U ' 1 

fnpw v/atcr, he obtained 4 grains of . 
a bfownilh refiduc, which confifi:ed*» 

'partly 

*•> 

♦ Rutty’s Synoti. 



partly of Jea Jalt^ partly of an abfof- 
bene earth, and a fmall portion of 
oil. 

It may oe obferved from thefe ex- 
periments, compared with thofe of 
Marggraf, that the proportion be- 
tween tlje folid impurities of rain 
and fnow water, is much the fame, 

r 

in parrt of the globe as far diftant 

V 

from each other as Irt^nd and 

t 

Dr, Rutty’s' experiftlienfs 
were made in Dublin 5 a'gallon of 
the pureft rdJin water gave h|n 6 
grains, the fame quantity of| the’ 
pureft fnow water gave him 4 ^aiins 
of heterogeneous matter; no^-thc 
proportion of 6 to 4, is n6t yery 
different froni that of roo td 60, 
which exprelTes the propoffionai 
quantities of the refidues left, from ' 
the eva'poration of rain and fnow 

7 water, 
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t 

water, according to the experimehts 
of Marggraf. 

No two authors pcrfe(?iy agree in 
afcertaining the quantity fff lolitl im¬ 
purity contained in a definite portion 
of either rain or fnow water; this is 
not to be wholly attributed to the 

V 

difference of their care and Ikill ex¬ 
erted in the’analyfis of thepn, but 
principally to the different rjatures of 
the fubjedts thcmfclves, upon which 
their labours have been employed. 
The vapours which aw? daily raifed 
from the fea, may, with g»*eat proba¬ 
bility, be fuppofed to carry with 
them fomc minute portions of the 
acid of fea fait, and, perhaps, of fea 

fait in fubflance, and of the calcare- 

^ \ 

ous earth, with which the Tea abounds. 
The atmofphere itfelf may be looked 
V§iotii hot only as the general re¬ 
ceptacle 
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c?ptacle of thcfe aqueous vapours, 
but likewife of all mineral exhalar 
tionsi of the ftcams, which are con^ 
llantly arising from the perfpiration 
of whatever enjoys animal or vegeta¬ 
ble-life; and from the inftantaneous 
putrefcence of thofe fubftances, when 
deprived of life; of the fmaller feeds 
of terreftrial and aquatic plants j* of 
the eggs of an infinity of fpecies of 
imperceptible animalcules; of the 

acids and oils feparated by conEibuf- 

L 

tion from all forts of fuel; of the 
matter of light; of eledric 
viums; and of a variety of |other 
fubfiances, which arc clevatedj and 
for a time kept fufpended, by nlitural 
and accidental caufes: from; thcfe 

‘ r ' 

fources are derived, thofe various 

j 

purities, which haye been difeovered 
in all* atmofphcricai water;, and 

3 which* 
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which,, we can readily apprehend, 
muft be different in quality and quan* 
tity, according to the nature of the 
' heterogeneous fubftances^ fubhfling 
in that portion of the atmof'pheic, 
through which the aqueous vapours 
have afcended, or which they have 
wa/hcd in their defcent;. that is, in 
general, according to the natuie of 
the climate, the Icafon of the year, 

the direction of the winds, and the 
preceding temperature of the wea¬ 
ther. 


ESSA^i 



L 


E S S A Y IV. 


w 

OF th:^ saltness and tempera- 

TtfRE OF THE SEA. 


^1^ H E: R' E are few 4ons^ 
JL rcfpe^ling’^the, natural Ipftory , 
of our slobe, which have beJi dff- 
ciifTcd with more "attenrioh, |r de¬ 
cided with lefs fatisfadion. ch Ji that 

' I ^ ^ ^ 

.concerning tlie primary*caufe |f the 
faltnefs of the Tea. The folulion of 

I 

it had perplexed the .pliUbfophcrs \ 

I 

before the time of Arifttotlet.; it fui^- 

paffcd 

A fin. Metco. L,. iv. t. ill. 
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paired his own great genius j anil 

thofc of his followers, who have at- 

^ , 
’tempted to fupport his arguments, 

have been betrayed into very ill- 

grounded conclufions concerning it. 
Father Kircher after having con- 

fulted three and thirty authors upon 
the fubjedt, could not help remark¬ 
ing, that the 'fiu£Iuations of the ocean 
itfelf were .fcarcely more various, 
tKan the opinions of men concerning 

t 

the origin bf its impregnation. 
The xjueftion docs not feem capa- 
of admitting an> iliuftfation from 
■experiment; at kaft, no experiments 
have thitherto been made for that 


purpofe, and therefore we may be 
the lefs furprifed at its remaining 
as problematical in die pfefent 
age, as itMs been in any of the pre¬ 
cedi ngr 

j* 

iCii'ch. Mua. SubtCFi L. iii. c. iii. 
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ceding. Had there, indeed, any db- 
lervations been made, three or four 
centuries ago, afeertaining the then 
faltnefs of the Tea, at any parricular 
time and place j we might, by mak¬ 
ing, at prefent, fimilar obfervations 
at the fame place, in the fame fcafon, 
have been able to know whether the 
JaltncJs^ at that particular place, was 
an ificrea/ing, or a decreafingy of an 

•invariable quantity: and this |cind 

& 

and degree of knowledge ^old 
have ferved as a clue to |s to 
a full invellisation of this itiatiir tn 

O “ 

general; but it is to be regretted|that 
-no fuch obfervations have, tillpery 

i 

lately, been made with any tolerable 
precifion.—There are three pdnei- 
. .paf opinions on this fubjed, which 
have been maintained bjr philofo-* 
phers of modern ,date. 


Some 





Some’^' obferving that river water, 
almoftin every part of the globe, is, 
in a greater or kfs degree, impreg- 
nated with fca fair, ba\ce thought 
that the fea has gradually acquired 
its prefect quality of fair from 
.thc'long continued influx of rivers. 

s 

The water, which is carried into the 

rm 

fea by the rivers, is again feparated 
from it by evaporation, and being 
' difperfed over the atmolpherc by the 
twinejs, it foon defeends in rain or 

i 

vapour upon the furface of the earth : 
from .whence it haftens to pour into 
' the bofom of the ocean, the frefli 

■i 

tribute of fah, which it has colleded 


in its inland progrefr. Thus the 

. T 

fait conveyed into the fea, not being 


a volatile fub(lance, nor performing 
in circulation, like the wa¬ 


ter 


Halley* PHUof. Tran*f. No. J44. 
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: Which c;;tffi€9 k thither^ mult be 

perpetually increaling ^juanticy^ 
and time enovigh, it is contendedi has 
elapfed lince the creation, for the Tea 
, to acquire from this loMrce its pcC- 
fent quantity of fait. 

The principle upon whiqh this 
opinion is fourtded, captnoc become 
. the fubjeft of .accurate calcjulation $ 


rivers may have formerly carried 
more or iefs fait into the fea* thao 
they do at prefenti a^d the quanti* 
ties, contained^at prefent in di$?rent 
rivers, are fo varioMS^ ^hat; ^oy^igenc- 
ral pofitioo, wkh refpe^t to ^iho pro- 
portion of /silt obferyg^e inirwt 
water,! airin' bftilwbJo ;10 B 9 iwy:i|e«p^ 
tjons fronx ptKtuHilar nyif 

appear ptobabki^howajaer, th^ 

V 

foliowitig obfery 4 tion> thiit th4 caufe 

f i ^ ^ ^ 

bere .alpg]x<i4 j>f the' fiilmefi of the 

roa. ti. G lea 
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is not adequate to the cffedv 
Sea water, at a medium taken froi'n 
obfervations made in different cli¬ 
mates, may be I’uppofed, without 
any great apprehenfion of error, to 
contain about one thirtieth of its 
weight of common fait; but all the 
rivers in the world could not have 

c 

■cortveyed into the Tea one 6vc hun¬ 
dredth part of the weight of the 
fca, though we fuppofe that they 
have daily, ever fmce the creation, 
carried into the fea^knd left there, 
the fame quantity of fait, which they 

'do at prefenc daily dcpofic in it. In 

> 

order to make this out, with any ap¬ 
pearance of perfpicoity and prccifion, 
we will take for granted, what Tome 
eminent philofophers have endea¬ 
voured to prove, — that all the 
rivers in the world flowing into the 
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rfd of the fea, with a continxiancc of 
their prefent ftores, take op 

at leaft eight hundred years to fill it 
to ics prefent height this being 
^premifed, let us fuppofe the ocean to 
have been originally quite frefh, and 
to have daily loft by evaporation as 
much water, as it daily received fropi 

the inftux of the rivers, then muft 

^ \ 

eight hundred years have pafted be¬ 
fore the frefh water of the ocean 
.could have been changed into river 
water, or acquired that proportion of 
fait with which river water- is itp- 
pregnated* River water may, in 

neral, be Tuppofed to contain c^e 

• ^ 

four ihoufandth part of its weightibf 
feafalt; fome rlver^, doubtlefs, edb- 

t^ih 

* Goldfmith’s Hift. of the Earth, fifcc. Vot I# 
p. 22$. B^uffbn, Hift. Nat.*Vol. L p. 

C 2. 
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rtain more, others lets, but the quarA- 
lity here afllimed feems to be great 
enough; fmee even the Thames * 
water, taken up nearBillir^gfgate, im¬ 
pregnated, as it may be fuppofed to 
be, with fea fait, from the quantity 
of it ufed in London, and walked into 
it by various drains, does' not con¬ 
tain one half fo much; the ocean 
upon this hypothefis, at the expira¬ 
tion of eight hundred years from the 
creation, would nave contained one 
fopr thoufandth part of its weight 
of fea fait; and at the expiration of 
eight times eight hundred years, it 
would have contained eight four 
thoufandth parts, or one five Hun¬ 
dredth part of its weight of fait 5 bt|t 
ei^ht times eight hundred years carry 

us 
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^ back to an xra antecedent to the 

% 

creation of the world. 

Ocher philofophers obfcrving 
that large beds of foflile fait are 
not unfrecjuent in any quarter of the 
globe; and conceiving, with grea^ 

V i 

probability, the bottom of the fca 
to be aivilogous in its formation to 
the fuiface of the earth, have (in- 
dcftaken to derive its faltnefs from 
the beds of rock fait, which tljey 
iiave fuppofed be fituated at its 
bottom; and they are further of 

* 'I * ^ ' 

opinion, that without fuch a perrna- 

X * 4r i< o‘ii A 

nent faline principle, the fpa wjuld 

’ ' ^ 2 ' 
long fince have become infipid &om 

the frefli water poured into it bf an 

‘ ' > ^ % 

infinity pf rivers. Strange! ^hat 

' * X,> 

what. 




* Mem. 4e TAcad, des Scien. de Bcr. Artn 
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what, according to the forementionei/i 
hypothefis, was thought fufficicnt to 
account for the faltnefs of the fea, 
lliould in this be cfteertied inftrumcn- 
tal in annihilating the faltnefs already 
fuppofed to exift. 

This opinion is liable to\an ob* 
j eft ion of fome weight ; for it may 
reaibnably be inquired,, why the 
waters of the ocean are not pcrfcftly 
faturated with fait,, if they liavc ever 
iince the creation exerting their 
didblving powers upon fuch per¬ 
manent maflfes of rock fait as are 
thought to be htuated at its bottom. 

Were the waters of the ocean in a 
quiefeent flate, and every where of 
two or three miles in depth, as they 
are conjeftured to be in fome,. it 
Would not be an eafy matter to de¬ 
fine the time ih which the waters at 

the 
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the furface - would become lapid, 
much lefs, in which they would' be* ' 

come faturated, though the whole 

* 

bottom of the ocean was. covered 
with a liratum of rock fair. The 
water contiguous to the falc would 
faturat? itfclf therewith, and being 

i 

thereby* rendered heavier than the 
fupcrficial water, it would not readily 
mix itfelf with it; but though the 
lower parts of the fca have been ,ob- 
ferved by divei^ to remain in a very 
tranquil ftate, when the upper l|ave 
been much agitated by ftorms yet 
it may rcafonably be fuppofed,.|hat 
they are fufficiently moved, to c^fr, 
in a fuHicient length of timei an 
uniform difFufion of the rock fair, 
they may be fuppofed to have jdif^ 
folved. The^pairpns of this opinion 

found t;h^irrcafonipg upona miftake; 

G 4 they 
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.ifcty thinK, rliat'if there were r» 
mines of rdck felt in the bed of the 
dceavO) its waters would have been 

long' ago convened into frcfli water, 

by the rivers difeharged into it. 

ffo'w this is an erroneous principle 5. 

for fuppofing that tfie rivers, them- 

feH;es contained no fait, abd that 

tliey returned" into the fea, in any 

given time, the fame quantity of 

water, whfth in the fame time is 
« 

raifed from it by evaporatron, the 
feltncfe would rellftain precifely the 
fime f6r ever. But neither of thefc 
fuppofniOiiS is*true, for the rivers do 
convey into the; ocean forne por¬ 
tion of fait every day, and they do 

not, in any given time, j'cturn into 

< 

the ocean fo much wafer as in the 
fame time is feparatedTrom it ; and 
bpon both thefe accounts^ the falc- 

nefs' 
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i^fs of the fea» fo far from beiogr 
diminilhed^ ought conftantly to be * 
increafcd, from the rivers poured 
kto if. 

Boyle * unites, as it were, the tw<> 
preceding hypothefes, and tak^ 
the faknefs of the fca to be fupplied,. 
not only from rocks and other maffes • 
of fait, which at the beginning wcrc> 
or in fomc countries may yet be 

s 

found cither at the bottom of the 
lea, or at the fides, where the watfcr 
can reach them; but alfo from the 

* n 

fait which the rivers, rains, and 
other waters dilTolve in their pafl&gc 
through divers parts of the eyth,- 
and at length carry with them |ntp’ 
the fea.” Buflfon -j*, and the g^ne- 

r 

ralicy 

*' Boyle’s Works, Vol. III. p. 381. 
ttift. Nat; Vol. I. p',-361. .GoJdfouthV 
of the Eaiah, Vol. I. p. 234. 
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rality of philofophers, acquicfce in 
the opinion of Boyle. 

After all, it may be obferved, that 

\ 

we are inquiring into the caufe of a 
phasnomcnon, which it may be faid 
had no fecondary caufe at all. It is 
taken for granted in this difquifition, 
that the water which covered the 
globe in its chaotic ftate,. was not 
impregnated with fait as at prefent, 

k 

but quite frefh ; now this is an opi¬ 
nion concerning a matter of fa<ft, 
which c^n never be proved either 
way 5 and furely we extend our fpe- 
culations very far, when attempt 
to explain a phenomenon, primeval 
to, or coeval with, the formation of 
the earth. 

Bernardine X^omefius '^^ about two 
hundred years ago, publiilied an in¬ 
genious 

Gcmef* dc Sale, 1. u c. 24* 


W'B * 
♦ I 



C 107 ) 

genioiis treatife upon fait: in . 
treatife, after reciting, and refuting;, 
the opinions of Empedocles, Anax¬ 
agoras, and Ariftotle, upon the fub- 
jt<5l in queftion, he propofes his own; 
wherein he maintains that the fca 
was originally created in the fame 
ftate in' which we at prefent find it,, 
and impregnated from the very lirft 
with the fait which it contains. 
Though this hypothcfis may be con- 
fidered by fome, rather as a cutting 
than any untying of the knot, yet it 
has been embraced by philofophers 
of grwt eminence and it muft be 
o\vned that it may be applied to| the 
folution offome pbaenomena wict^pe- 
euliar propriety. Naturalifts a^ure 
us, that, though fome few fpeci^ of 

fiihea 

'I 

♦ Ki«cher Mun, Sub. L. lii. c. in.-*- 
^NoQet. Lec« de Phyf. Tom. ly. p* Cz* 
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fifhes thrive in frefb water, and feme 
Others Jive alternately in frefli water 
aod faltj yet by far the greateft: num¬ 
ber cannot cxift out of the fea: now 
whether we fuppofe the fea to have 
become fait from the influx of rivers, 
or from the gradual folution of beds 
of rock fait, or from the combined 

^ .-I 

influence of both thefe caufes, it mud 
for ibme years have remained fo ex¬ 
ceedingly frcfli, that it will not be an 
e^fy matter to account for the conti¬ 
nuation of the exiftence of the num- 
berlejs fpecies of fiflics, which cannot 
live in frelh water. This difficulty 
is not removed by fuppoflng that 
iUhes do nof imjbibe any part of the 
ica's faltncfs with their food, and at¬ 
tributing the efficacy of fea water in 
preferving life, to the fuperior weight 

with which it coipptjfffcs the organs 

of 
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of refpiration, for this fupcrior tveight 
is as muf'h an effect of the fait dif« 
folved in it, as the faline tafte itfclf. 
The faltnefs of the Cajpian Tea, of the 
lakes of Mexico, and Titicaca^ and of 
other large colleiftions of watersi, 

which have no effluent rivers, nOr 

• * 

vifible tonnmunication with the feaj 
may be as fuccefsfully explained up¬ 
on this hypothefis^-—that the feawas 
at the creation impregnated with fait 
—as upon cither of the preceding/ 
Befides the opinions, concerning 

-the cawfc of the faline impregnation 
i>f the fea, -which have been # here 
mentidhed, there is another, fhich 
•future ages will, probably, fe| lefs 
queftionable reafons to adbptfthan 

yft do: 1 mean that which maii^ain^ 

* 

rthac fea fait is conftantly and iabun* 

dantly 
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dandy generated, both on the fUr- 
face of the earth, and in the bofom 
of the ocean. 

But how inefFedual focvcr our at¬ 
tempts may be to explain the caufe 
of the faltnefs *of the fea; yet one 
rriight have hoped, that in this age 
^f philofophy and curious navigation, 
the degree of its faltnefs in every 
latitude, and every fcafon of the year, 
would have been afcerrained by ac- 
cjiirate experiments. The acquiring 
knowledge by experiments, is a flow 
and laborious method, but it is, at 
the fame time, a Inethod within our 

reach: whilft the theoretical inveftiga- 
tion of the proximatexaufe of any na¬ 
tural phsenomenon often furpafles, and 
that of its ultimate caufe always fur- 
,pafies the apprehenfion of the hu- 
;nian 


Some 
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Some experiments tending to rthe 
elucidation of this point, rcfpedling 
the famenefs or diverfity of the lalt- 
•nefs of the fea in different places^ 
were made in the courfe of the 


voyage towards the North Pole, in 
1773. We learn from, thefe experi* 
ments, that the fea water at the Nore 
contained not quite -^^5- of fait5 at the 
back, of Tizrmouth fands not quite -j-V; 


off Flamhorough Head raAcr more 
than tV } off Shetland rather Ids than 

iVi latitude 74 at fea latitude 

lefs than > latitude 80| near i|je 
ice, not quite /©-; latitude80.30,un¬ 
der the ice, not quite, latiti^e 


68.46, rather .more than latitude 

® » .11 

65, at fea, rather kfs than 

♦ Thefe fcveral quantities arc derived 

the experiments mentioned In a Voyage to^ 

wards 
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'Hftles got only ^^rom water taken 
tip in tht Mediterrmeany and 
water taken up at the Nore. Dr. 

9 

Rutty fays, he got -j-V from water 
taken up in latitude 655 ^ from 
water taken up near to:Dublin ; and 
^ from water taken up at Dungar- 
^an\ and Dr. Lucas, that he got Vt 

r 

from fea water taken up at Bar- 

\ 

The reader will obferve 

' * * 

that thefe experiments do not per- 

r ‘ * 

fedly accord* as-to the quantity of 
laic contained in water taken up at 
the famc^place, as at the Nore, and 
in latitude This is not to be 

wondered at *, the fea water in the 

■> 

fame. latitude, isi not. always equally 

, , .di- 

I I 

i 1 

ivards Noirth Po 3 )c, i 775 » by Conf. John 
new Lord Mulgrtye, p. .145. 

Monro jon Miafind ‘Wattr9> «Vol I. p 
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\ 

diluted by the frefli water which falls 
from the atmofpherci nor can we be 
certain, that different perfons, in 
making experiments of this kind, 
have always ufed the fame degree of 
heat, in drying the refidue which re¬ 
mains after the evaporation of the 
water; or that they have evaporated 
the water with the fame degree *of 
heat; and yet this circumftance alone 
may occafion a great difparity in the 


quantity of the faline matter, fepara- 

ble from a definite weight of fea water,- 

• ^ 
For not to infill upon, what has be^n 

before mentioned, the decompofitite 
of part of the fea fait, which 
place when a folution of it is evapor¬ 
ated with a great hear, il may be ofe- 
ferved, that the fea fait in fubfiance 

I ' 

is difperfed, when a faturate(5 foluripn 
of it is cyapQratcd with even jefe than- 
VOL. II, H a boil- 
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a boiling heat. This is very clearly 
fcen, when a finall quantity of a fblu- 
tion of fea fait is evaporated to dry- 
nefs in a deep copper vclTel, for the 
infide of the vefifel, which can come 
in contaft with nothing but the va¬ 
pour, is fpangled with particles of. 

c 

fait, which have been carried up with 
the vapour. 

It appears from fome experiments, 
formerly made in a voyage from 
'England to Bombay in the Eaft Indies,, 
that the weight of the fea water was 
thcgreateft.notprccifely at the Equa-- 
tor, but where the fun was vertical^ 
and confequently, in fimilar circum- 
ftances, where the heat was greateft. 
The greatell weight of a definite 
quantity of fea water, which was ob- 
ferved in failing from 28 degrees, 
north Ijatitude^ to the Cap^ of Good 
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Hope, which is about 34^ degrees 
fouth latitude, in the months of May,. 
June, and July, was at St. Jago ifland, 
north latitude, 15. degrees; and the 
leaft was at Teneriff ifland, north la- 

II 

titude 2.8. The weights of equal 
bulks of Thames water, of the fea 
water at'Tencrifr, and 5 t. Jago, were 

649—673*—780*^ grains^i thtf-prO" 

♦ 

portion of which numbers may be 
nearly thus exprefled.-—Thames wa¬ 
ter 1000,—Teneriff fea water 1022,* 

I 

—St. Jago fea water 1184. By coifi*- 
paring thefc numbers with a Talfle 
in the Philofophical Tranfadions,e?^-* 

I ^ * 

hibiting the comparative weight bf 

y» 

equal bulks of fimple water, and|&f 
water impregnated with dif^er^t^ 
portions of fea fait, it may be cem- 
jedured, that the TeneriffTe^ water 

H 2 con^ 

j< 

« V 

Gtijotkman^s Mag. Vol. XXV. p» 260, .■ 
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contained about of fait, and the 
Sr, Jago water above -*• of its weight 
©f fait, fo that it was nearly, if not 
fully f?iturated^. 

As it is not every perfon who can 
make himfelf expert in the ufe of the 
common means, of, eftimating the 
quantity of fait contained in fea wa¬ 
ter, I will nnention a method of do¬ 
ing it, which is fo eafy and fimple, 
that every common failor may under- 
fland and pradife it; and which, at 
the fame time, from the trials I have 
made of ir, feems to be as exad a 
method, as any that has yet been 
thought of.r—Take a clean towel or 

’ r ? ’any 


* 1 formed the table here referred to- above 
10 years ago; I have rcafon to think, that 

- s q 

ihofe wnoi have leifure and accurate inliru* 

' I ' 

qaents, tttight make it more corre^, by ufnig 
more precaution than I did in fome paiticularvS, 

I ft I- ^ * * i ^ 

t'fpS-t'i.jlV in whm to the purity of the 

i i Ui.'v I '! 


kriir; 


Ti! J 


> ^ “ r 

i 0 * 


i 
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any other piece of cloth, dry it well 
in the fun or before the fire,.then- 
weigh it accurately,, and note down 
its weight; dip it in the fea water, 
and, when taken out, wring it a lif” 
tie till it will not drip, when hung 
up to dry; weigh it in this wet ftate, 
then dry it either in the fun or at the 
fire, and, whcn.it is perfc6Uy dry, 
weigh it again. The excefs of the 
weight of the wetted cloth above^, its 
original weight, is the weight of the 
fea water inabibed by the cloth; j^d 
the excefs of the weight of the clfth, 
after being dried, above its ori^ial 
weight, is the weight of the fait|re¬ 
tained by the cloth; and by com¬ 
paring this weight, with the we^ht 
of the fea water imbibed by the cl^th, 
we obtain the proportion of fait 
talnedtin that fpecies of fea water# 

H 3 Who* 
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‘Whoever undertakes to afeertain 
"the quantity of fait, contained in fea 
water, cither by this or any other 
method, w'ould do well to obferve 
the ftate of the weather, preceding 
the time when the fea water is taken 
out of the fea, for the quantity of 
fait contained in the water near the 
furface, may be influenced, both by 
the antecedent moifture, and the an¬ 
tecedent heat of the atmofphere# 
And this leads to the confideration 
of a queftion propofed by Ariftotle% 
—Why are the upper parts of the 
fea falter and warmer than the lower? 
—Some philofophers admitting the 
fad, Ivave followed him in attempt¬ 
ing to explain it; whilfl;'others have 
thought themfcives authorifed by ex¬ 
periment, to deny the truth of the 

pofi- 

. Arift, Prob. *13# x%ii* 9 * 39t 
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-pofition; and thofe^ perhaps^ wi)l 
argue with the greateft juftnefs, who 
ihall affirm^ chat it is neither gene¬ 
rally to be admitted, nor generally to 
be rejeftcd, but that the fea in fome 
places, and under certain circurn- 
flance?, is falter and warmer at the 
furface, than at any confiderable 
depth beneath it, while in rnany others 
the reverfe is true. The queftion 
confifts of two parts, betwixt which, 
though there, probably, is a con- 
- ne(5lion, yet it is not fo ncccflary a 

I 

one, as to hinder ps from confider- 
ing each parj: by itfclf. , 


A§ to the ftltnefs of the CA at 


differenci diCpth^.jiye liayc diffident 
accounts concerning it, 


two methods of eftimatipg the rela¬ 
tive quantities of fait contain^ in 


H 4 differ- 


I 
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different fpecinnens of fea water;, one 
confifts in weighing equal bulks of 
them, fuppofe a pint or a bottle full 
of each ; for if they have equal 
weights, it is fafely enough inferred, 
that they contain equal quantities of 
fait: the other confifls in evaporat¬ 
ing a pint, or any other mcafure of 
lea water, and weighing the fait 
(which is not evaporable) remaining 

after the water is wholly diffipated. 

^ _ 

Mr. Boyle found, that equal bulks 
of water taken up in the Channel be¬ 
tween France and England at the fur- 
face, and at the depth of fifteen fa- 
thomsj were equally heavy, and 
thence he concludes, that the fuper- 
ficial water wa^ as fait as that at a 
great depth’^. 

On 


' Boykos Obferv. on the Safr^efsof the Sea* 
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On the other hand. Count Maf* 
filli obtained, by evaporating the" 
nvater, a thirty-fccond part only of 

i/' h 

its weight of fait from water, taken 
tip on the furface of the fea Jh the 
gulf of Lyonsy whilft that taken up 
at the fame time and place from a 
great depth gave him a twenty-ninth 
part of its weight of faltj and hcf 
thence infers, the greater faltncfs of 
the fea at the bottom than at its fur* 


face=^. In this concluhon he has been 

I 

fupported by experiments made fin 
the gulph of Bothnia t ■ 

■v 

There can be no reafoo tofulpldt 
the accuracy with which any of tl^le 

experiments was made ; in diffeifnt 

places the faifts will probably 
different. The Rhone difchai^i 
much frejh water into the gulf of 

Lyons I 


Hiflqjlrc Phyf. dc la Mer. 
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isyms I this frelh water being lighter 
* than the fca water, will not readily 
mix itfelf with it, and for this reafon 
the Aiperhcial water will be moft 
diluted by it, and from that circum- 
ftanee it will contain lefs fait, in a 
definite quantity, than the water 

which is at a greater depth. Ac 

• * 

Northwich they pump their brine, 
which is to be boiled into fait, into 
a very large circular balbn, funk in 
'the ground, and lined -with brick, 
from whence, when its impurities 
are fubfidcd, it is conveyed to the 
boiling pans. This bafon is expofed 
to the open air, and in cafe of a 
jgreat fall of rain, ^or fnow, they let 
pff the gppermoft parts of the water 
^rough a wooden tube, which is at 
4^r times flopped ^ith -a plug, 

placed 

4 
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placed upon a level* nearly, witfc 
the upper furface of the brine in the ' 
baforii what is thus let off is not 
preferved, but thrown away as ufe* 
lefs. This pra6l:ice proceeds upoa 
the principle wc are fpeaking of, 
namely,, that frefli water is not apt 

to mix Ttfelf, unlefs it be much agi- 

_ • 

tated with fait water. The gulf of 
Bothnia receives divers from an im^ 


menfc range of mountams, extenct- 
ing themfelves to the eaftj thj^ortbi 
and the weft, fa^r bq^ond the ,pol& 
circle; and therefore, as in the gt^f 

of Lyons, its furface may jbe mop 
diluted with water chan 
middle orbottom. But in the wa^r 
of: the 'Mnglifij channely with whifh 

Mr. Boyle oiside his experiment, 

'* _ , _ 

cafe is very differentt This 

has 
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faas a communication with the Ger¬ 
man ocean on one fide, and with the 
Atlantic on the other j and, from 
that circumftance, it is fubjedl to 
ilich a conftint agitatlonLas will oc- 
cafion all the frelh water, poured 
into it by the Thames, Medway, and 
other rivers of lefs confeqUence, to 
be uniformly difFuled through all its 
fubftance, fo as to render it equally 
fait at all depths. The conftant 
‘cfFeft produced on the fuperficial 
watcrof the fea, by the influx of a 
• large river^ is fomewhat fimilar to the 
temporary effed, attending a down- 
fal of rain; the fuperficial water will 

be thereby much diluted*. It was 
obferved in the voyage to Bom¬ 
bay before referred to, that if a 
4q^ntity of fea water in dry weather 

weighed 
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weighed 778 grains, an equal quaD«f 
tity immediately after a fall of rain 
would not weigh.above 676 grains, 
the fame quantity of Thames water 
weighing grains* Hence it may 
be colleflra,, that the weight of a 
cubic foot of the iea water before 
rain exceeded the weight of a cubic 
foot after rain by 155 ounces* 

In the voyage.which was made 
towards the North Foie tn 1773, we 
meet with fbme experiments on this 

fubjea. • J 

In the open Tea 3 hetland, 
latitude 60 degrees, equal quanttc^s 
of water were taken up at the 
face, and at the depth of i?;Xty 
fathomsj thefe different waters yie$‘* 
ed by evaporation equal quantioe$ 
of fait, namely, of ^eir W9J|ht 

I 

nearly, 

if 9 

Oa 
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On anotlier occafion, in north lac 
fitude 65 degrees, fomc water taken 

V 

•lip from the furface gave nearly 5^ 
of its weight of fair, whilft an equal 
weight taken up from the depth of 
683 fathoms in the rame|lace, gave 

' only -jij. 

\ 

It is obvious that the 6rft;of thefe 
eHfperimcnts confirms Mr, Boyle's 
notion of the fea being equally fait 
»at all depths, and that the fecond is 
yvholly oppofite, both to his opinion,. 

f * 

and that of Count Marfilli, fo that 

* 

the«qiieftion remains fiill undecided; 
There is a circumftance, however, 
which I will fubmi& to the reader's 

-I 

con- 

* In page 143, from whiv'H this account' 
iis extracted, the latitude is put equal to 75 de> 
gre«s; hut it appears from pages 117 and 137, 
that the il^p on the 4th of Sept*, when this cx*, 
penme&t wad made, was in latitnde 6|sr« 

*■ "j'. .V 
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conHcIeration, whether it may not be' 
fiifEcient to explain the different rc- 
fults of the experiments made during 
the voyage here fpoken of*. The 
experiments which gave equal quan-> 
titles of fate from equal quantities 
orf water, taken up at the furface, 
and at the depth of 65 fathoms, were 
made on the 12th of June; trio 
others, which gave more fait from 
the fuperficial, than from the deep'* 
water, were rhadeon the 4th of Sepi 
tember. Now admitting the falt- 
nefs of the fuperficial water, and df 
water at the depth of 683 fathorqs 
to have been the fame, in the begin¬ 
ning of June, why may not 
quantity of water, evaporated from 
the furface of the fea, during the 
hot months of July and Auguft^ 
have l^fc the fuperlicial water more 

impreg- 
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impregnated with fait than the water 
at a great depth ? It is fome con¬ 
firmation of this notion^ that the air 
in June was only fix degrees warmer 
than the water from the depth of 6 c 

I ^ 

fathoms, and that the air in Sep¬ 
tember, when the experiment was 
made, was above 26 degrees Hotter 
t?an the water from the depth of 

* t 

683 fathoms. The rife of frefh. 
‘ fprings at the bottom of the Tea, in 
particular places, may, be another 
reafgn for our accidei)tally finding 
the fea falter at its furface than at 
any great depth below ir. How- 


A 

ever, neither of the reafons here 

^ t- 

offered in explanation of the phaeno- 
nbenon are' wholly to be relied on; 
for the frem water which may acci¬ 
dentally be found at the bottom of 

f ' 

the fea will rife up till it beegmes as 

much' 
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Tiiuch impregnated wjth fait, as the 
water incumbent over it is, and the 
water at the furface, which is ren¬ 
dered heavier by the fun’s having 
evaporated fomc of its freih parti¬ 
cles, will probably fink downwards, 
and mix itfclf Vv'itli the water below 
ir, till the whole mafs of warer be¬ 
comes equally heavy, and confequent- 
ly equally fait. The fadlitfelf, of the 
fea being in any cafe falter at tli^ 
furface than at its bottom, ought to 
be afeertained by repeated experi^ 
menrs. 

With refpett to the temperatur^ 
-of the fea at different depths, ii| 
feerns reafonable enough to fuppofei 

that in fummer time it will be hotter 

* 

at the furface than at any confidcr* 
able depth below it, and that in 
'^inter ic will be colder. Stfppofc a 
VOL. ir, I ciilern> 
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ciltern, twelve «fecc in depth, to be 
filled with fprin'g water, of 48 degrees 
warmth, to the height of eleven feet; 
then if we fill up the ciftern to its 
top, by gently pouring water heated 
to 100 degrees upon the furface of 
the fpring water, it may readily be 
nnderflood, rhat the heat of this 
water will not be inflantarieoufly 
communicated through the whole 
mafs of water in the ciftern, bur that 
the water will decreafe in heat from 

the furface to the bottom of the 
ciftern. On the other hand, if on 
the 11 feet of fpring water heated 
to 48 degrees, we pour a foot of 
water heated only to 33 degrees, it 
may be expeded, rhat the fpring 
water which is neareft to the cold 
water, will be foon^r cooled by it 
thim that which is at a greater 

I diHanc^j' 



( 




) 


diftance; and on this account the 
water at the bottom of the ciftern 
will be warmer than that in the 
middle or at the top. It mufl be 
ohferved, however^ that cold water 
being, bulk for bulk, heavier than 
hot wat^r, the water whfeh has only 
33 degrees of heat will defeend by 
its fuperior w'cighr, into the mafs of 
water contained in the ciftern, ah?l 

t 

thus the water in the ciftern will bi 

fc 

cooled, not only by the bare com*^ 

munication of cold from the uppejf 

<1 

water, but by the actual .mixture of 
that water with the reft, fo that.thd 
diflcrence between the heat of th 



water at the bottom and top, wil 
not be fo great as it would have 
been, if the cold water had not 
mixed itftlf with the reft. Thefe 

I 2 luppo- 
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fuppofitions of hot and 
incumbent on the fpring water in 
the ciftern, are analogous to the 
action of the fummcr and winter 
atmofpheres incumbent on the fur- 
face of the fea. No perfon, who 
has bathed hi deep ftanding Water in 
fummer time, can have failed to 
obfcrve, that the water grew colder 
and colder, according to the depth 
to which he defcended. I have fre¬ 
quently obfervcd, that the furface of 
a pool of water of two feet in depth 
has, in a funny day, even in winter, 
been five degrees hotter than the 
water at its bottom, 

Mr. IVales defcribes the inftru- 
ment he made ufe of for trying the 
temperature of the fea at different 
depths, in the following terms: 

U 
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The apparatus for trying the heat 
ef the Tea water at diOerent depths, 
confided of a fquare wooden tube, 
of .about 18 inches long, and 3 
inches fquare externally. It was 
fitted with a valve at the bottom, 
and another at the top, and had a 

contrivance for fufpending the ther¬ 
mometer exadly in the middle of it. 
When it was ufed, it was faftened 
to the deep-fea line, juft above thi? 
lead, fo that all the way as it de- 
feended the water had a free paffag^ 

.1 

through it, by rr.eans of the valvci 
which were then both open; but tli| 
indant it began to be drawn up| 
both the valves clofed by the pre 
fure of the water, and of courfe t 
thermometer was brought up in a 
body of water, of,the fame tempera- 

I 3 turc 
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turc with that it W4s let down to,=*’'' 
With this inftniment, which is much 
th,c fame with one formerly deferibed 
by Mr. Boyle, in his obfervations 
about the laknefs of the fca, water 
was fetched up from different depths, 
and its temperature accurately no¬ 
ticed, in diiferent feafons and lati¬ 
tudes. 


Auguft 27, 1772, fourh latitude 
24*^ 40*. The heat of the air was 
^2^,—of the water at the furface 

I 

70,—of water from the depth of 80 
fathoms 6S f. 

December 27, 1772, fouth lati¬ 
tude The heat of the air 

was 'of the water at the fur- 

face 


* See Aftronomical Ohfemtions made in 3 
Voyage towards the Sonth Pole, fleq. in 1772, 
1773, HX Wales, Iutrodu£tign,, p. 53, 

r 

f Wales’ Obftr, p. 206. 
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face 32,—of water from the depth 
of 160 fathoms 33! 

In the voyage to the high northern 
latitudes before mentioned, they 
made ufe of a bottle to bring up 
water from the bottom, which is 
thus deJeribed. ** The bottle had a 


coating of wool, three inches thick, 

which was wrapped up in an oiled 

> 

ilcin, and let into a leather purfe. 


and the whole inclofed in a well- 

% 

pitched canvas bag, firmly tied to 
the mouth of the bottle, fo that jnOt 

f 

a drop of water could penetrate |o 
its furface. A bit of .lead fbap|d 
like a cone, with its bafe dovm- 
wards, and a cord fixed to its foliU 
end, was put into the bottle; ana a 
piece of valve leather, with half a 
dozen flips of thin bladder were 


14 


ftruing 


"Wiales* Obfer^ p. 
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ftrung on the cord, which, when 
pulled, efFcdually corked the bottle 
on the infide.” I have here put down 
two of the experiments which were 
made during that voyage. 

Auguft 4, 1773, north latitude 
80° 30'. The heat of the .air was 
32>—of the water at the furface 36,— 
of water fetched up from the depth 
of 60 fathoms under the ice 59'^. 

^ September 4, *i773> north lati¬ 
tude 65°. The heat of the air was 
664> — of the water at the furhice 
55,—of water from the depth of 683 
fathoms 40, 

It appears frottt all thefe experi¬ 
ments that, when tlie atmofphere 

1 

was hotter than the furface of the 
fea, the fuperhcial wacifr was hotter 

a 

than 

Voyage towardi the North Pole, p. 143 * 
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than that at a great depth j and whea 
the atmofpherc was colder than the 
furface of the fea^ it is evident that 
the fuperficial water, was fomcwhat 
colder than that at a confiderabk 
diltance below it: and I doubt not 

that this will generally be the cafe, 

» • 

though fuddcn changes in tlie tem- 
pK-raaire of the atmofphere, which 

cannot be inftantly communicated 

< 

to the fca, may occafion particula|r 
exceptions. 

i 

In the year i779> feveral expert^ 

t 

ments were made, with great accii^ 
racy, in order to inveftigate the teii|h 
perature of the lake of anS 

of other lakes in Switzerland, 



different depths; we learn from then|^ 
that in winter time there is very 
little difference between the heat of 

the 
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the water at the furface, and at a 
great depth below it ; but that in 
fummer, the fuperheial water is con- 
fiderably warmer than that which is 
at a great diftance from the furface. 
The experiments were made with a 
thermometer graduated aftep R^au- 
m^r’s fcale; feme of them, reduced 
to Fahrenheit's fcale, are expreffed 
below* 

Temperature of the lake of Ge- 
»eva at different depths, in the be¬ 
ginning of February 1779, after a 
inonth’j|^nintcrrupted froft. 

Heat of the* open air variable 
from 37 to 40 degrees. 


Water at the furface of tlic 
, Depth 100 feet 

Depth 250 feet - - 

Depth 950 feet, bottom 
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In another part of the lake^ open 
air from 37 to 40, 


Surface 

Depth 350 feet 
Depth 620 feet) bottom 



•k _ 

Tc^a^rature of the lake of Neu^f- 
July 17, 1779- 


Air 

Surface 

Depth 22 ^ feet) bottom 



* The reader will find a great many o^e^ 
experiments of the fame nattire, in, the. firm 
volume (the only one yet publilhedjpf a verj 
intcrefting work, intitled, Voyages dans 

f 

,Alpes» par Horace-Benedia de Saufiure* 

;r ^ I 1 ^ 

feflur of Fhilofbplqr at Gcoen. 


ESSAY 




ESSAY V 


or FRESH WATER PROCURABLE FROM 

« 

SEA water, by congelation, 
AND BY distillation. 


rr^HE fecond day we dcfcried 

JL a mainbaakofice, injhe lat|* 
tude of 6o°. We wanting fr^ waw 
did fail clofc to this land of ice, arM 

* V 

hoided out our boat and loader h|r 

I. 

twice with ice, which nfadc us ve^ 

r 

good frcfh water*.**—” About nine 

of 


Capt. Weymouth’s Voy. in 1602. Pur'« 
<'hars* Col. B. iv* a 13. 
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of the clock in the forenoon we came 

by a great ifland of ice, and by this 
ifland we found forne pieces of ice 
broken off from the faid ifland, and 
being in great want of frefh water, we 
hoifted out our boats of both (hips, 
and loaded them twice with ice, which 
made us very good frefh water— 
The pieces of ice we took up were 
■hard and folid as a rock; the fait wa¬ 
ter which adhered to the ice, was fo 
triflirtg as not to be tailed, and after 
it had lain on deck a little time, 
intirely drained off j and the water 
which the ice yielded was perfeiflly 
fweet apd well tailed'-f-.”—In the 
afternoon we filled our calks with 

.A 

frelh 

i 

, Capt. WeymoutVs Voy. in 1602. Pur- 
chafs* Col. B. iv, c. 13. 

it ■> 

f Cook’s Voy. towards the S. Pole in 1773i 
yol.I.p.57. 
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frefh water, from the ice, which wc 
found very pure and foft 

Notwitliftanding thefe teftimonies 
of our moft experienced navigators, 
concerning the frefli water which 
they procured from the thawing of 
the ice, they found floating in the 
fea; yet i: might flill remain a mat¬ 
ter of doubt, whether the ice, from 
which the water was obtained, had, 
been formed in the fea, and, conft- 
quently, whether fea water itfelf* 
would when frozen yield frefh wat^. 
For it might, with fome appearaiAe 
of probability, be faid, that the i|?e 
had either been formed at the m,qut|is 
of large frelh-warer rivers, and theai^c 
by tides or torrents drift^ into tie 
fea; or that it had been broken hy 

its 

% * PhippI* Voy, towards the N. Polo in 
p. 60* 
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its own weight from the immcnfc 
clifts of ice and frozen fnow, which» 
in countries where there are few ri¬ 
vers, are found in high latitudes to 

way into the fea*; 

, laftly, admitting it to be formed 

* 

in the fea, it might be urge4, 

’ was formed of fre(h water, not of 
fait. Fothsrhye voyage in 1614, 
efteems fnow the original caufc of the 
\ce!fQund at fea, for he obferved it 
10 be an inch thick upon the furface 
of the fea; and Captain Cook, from 
his own obfervatipns in the South 

Sea 

* Icder^s arc large bodies of ice filling the 
irsHies between the high, moantaina.—Large 
pieces frequently break off from the icebergs, 
and faH with great iioife into the water: we 
‘^obferved one piece which had floated- out into 
the bay, and grounded in twenty-four fathom ; 
it -was fifty* feet high above the furface of the ' 
Phipps* Voy» p, 70., 
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Se;i, was dilpofed to think, that the 
vaft floats of ice he nnet with in the 


fpring, were formed from the conge¬ 
lation of fnow*. Without doubt, 
the fnow which fills upon the furface 
of the Tea, being.in a folid ftate, and, 
bCilk for bulk, lighter than the fea 
water, will not readily mix itfelf with 
it i but may, by a due degree of cold 


.in the atmofphere, be fpeedily con* 
verted into a layer of ice, the tipper 
furface of this firft layer of ice being* 
elevated above the furface of the fqa. 


will receive all the frelh water wbiih 
falls from the.atmofphere in the for^ 

of fnow^ fleet, rain, or dew j by tie 
fucceflive congeiatipn of which, tie 
hargeft fields of ice may at laft fc 
formed. Whether the icc foundftt 

fea, 

Voy. tq^ards the S. Pole, Vol. 242. 


vop. IJ, 


K 
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fea, he formed according to any one 

or all of thefe ways, it is evident, 

that it is produced from an accumii- 

latioti of congealed frefli water, and 

that we cannot, from the frelh water 

jjrocurable from ice thus formed, 

conclude that the ice of frozen fca 

6 

water would yield frefh water. 

To a navigator, it is a matter of lit¬ 
tle confeqiienceto determine, whence 
the ice which fupplies him with frefli 


‘ water is produced, he is fure of meet¬ 
ing with more than enough of it for 
his purpofe, and he kaves it to the 
l^ifure of pliilofophcrs to decide the 
queftion, whether congealed fea wa- 
will, when thawed, yield' frcfli 

f 

water. They have decided it by 
aiffcual experiments, made with every 


fditable attention. ' Sbme fei^ w'at'er 


Was talvCn'up off the NorthTorehndt, 
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,t was cxpofed to a freezing atitro- 
fi)hei e, and it afforded an ice pcrfedbly 
fiee from any tafte of falt*^’ The fp6- 
cific gravity of the water,^ produced 
from the melting of the ice, wds 
fomewhat greater than that of dlftil| 
led rain water, and fomewhat lefs 
than that of a nhilXtore of rain and 
fnow water taken out of a water tub. 
The degree of cold, in which the fea, 
wdtej; froze, was of Fahrenheiifs. 
tlierrrtonfieter, or ^ 4 - low than that |n 
which common water freezes*^. Tiie 
degree of cold, hov^ever, in wh* 
fca water freezes, cannot be ’afc< 
tained in general, iinlcfs it can 
fliewn, that tjhe fe^ywattr, taken 

in different latitudes, contains cqu|l 
quantities of fait, the contrary 
which is probably true. Ami In 

K z < general, 

* Philof.Tranf P* ^ 5 * ^ 373 » 
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tf 

: general, the greater the quantity 6f 
fait contained in any portion of fea 
water, the^reater will be the degree 
* of cold ficceffary to freeze it. 

^ We had a iharp froft at Cambridge 
^ on the 21 ft of laft. December; I fil- 
' led a thin phial, holding 8 ounces, 
with fea water, which contained 


of itt weight of fait, and expofed it 
''fufpended^from the branch of a tree, 
during the night # the day bpforc 
‘mentioned, Jtb thc'‘^ld of the atnio^ 

I 

^^fph^re* fothe itiQffiing.I found that 

I * 

a |)0rt of the water had been frozen: 
I poured the uafioa^n part from the 
other, and having riofed the. ice in 
frcfli watcr^' ip Cerate from h 
the fajt water whSch adhered to it. 






i ' 






I it before the/fire, and found 

the water which4t:jgave to be wholly 
free, fronni &lt» 


.1 t 


it 
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It had been long ago alTertcd by 

M^crobiiisthat fca^ water 

never frozen, but that the* ice found 

.It Tea, proceeded fronn the freezing 

of the frefb water fpread over its fur- 

face by the influx of rivers. And in 

modern times, the opinion, concern- 

^ • • 

ing the freezing of fea water, feecns 
to have been admitted with great 
caution, by our mofl experienced 
navigators. They were aware, in¬ 
deed, that the Baltic and other large 
feas, were frequently.: frozen ^quice 
over, but they appearto'havetjbtw|ghc 
that falls of fnowJ^id a iu^cfent. 
foundation for-thc'produdion* of<pat. 
evert, wi^out its fscing at alj pc- 
ccflary for the fca water tofreiezc^^” 

I cannot conceive that tlsert was^iany 

* Macrc^* Stit. L. vii. c. 12. 

Gook’j Voy. VoL II. p. 242. 
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gA?at oCcafion for this cautious mode 
of cxpreflioji, fince it had been ob- 
ferved, above a hundred years ago^. 
that not only fea water, but water 
containing double the proportion of 
fait commonly found in our fea wa- 
rer, and more than is contained in 
the fea water of any climate, might 
be frozen by the cold prevailing in 
our atmofphere 

"This freezing of fea water, more- 
orver, was formerly-pradifed, and, I 
'believe, is Hill pradifed in fcveral 
parts of the north of Europe, v/ith a 
view to'lelTcn the cxpence and trou¬ 
ble t)fextrat 9 :ing felt from fea water’j-, 
Stahl informs us of a chemiA, who, 

near 

' - 'i ■■ 

, '* Boylc^s Works, fob ccl. Vt»l. Hi p. 264. 

“f Jum k. Coni. Ckeirt. Tab. xviii. f. 13’. 

' And WaUe/it‘Mineral.. Eiencli Tr&nft Vol. L. 

P? 3«C- • . . 



n-ear a century ago, endeavoured to 
expedite the buGnefs of making fait, 
in Sweden and Livonia, by means of 
frofl. With this view he proppfed 
the making large refervoirs to con* 
tain the fea water, and the pumping 
tlie concentrated brine from under 

I 

the icc ?nto proper vefTels, to boil¬ 
ed in the ordinary way., He obtain¬ 
ed a patent, but a combination of fait- 
boilers ruined his projeift"^. 

I cannot fee why this cullom might 
not be introduced into England 
p/eat advantage. A third pa^ at 
Icaft of fea water may, by freezing, 

, * Hlf , 

be converted into ice by the ord‘Aary 
cold of our winters; this icc, ion¬ 


. 


filling entirely of frelh waterj miy be 
thrown away as ufelefs, and the re- 

K 4 mafning 

i 

* Tuaitc des Scls, par Stidih J'rcnch 
Tranf. 1771, p. 145. 



/ 
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* 

two thirds," being boiled 
down, will give all the fait contained ' 

t 

in the whole of the Tea water; thus 
there would be a favins at leall: of 

O 

dnethird part of die fuel employed in 

i 

boiling fea water into fait When 
it is faid, that the unfrozen fca water- 
contains all the fait, this muft‘ be un- 
dcrflbod with fome re'ftridlion, fincc 

it is probable, that the frozen part 

1 

will,, upon mod occafions, hold a 
little fdtj but not fo nwh as is con¬ 
tained 

f 

Briftol and o’ther waters containing earth, 
arc found to depofit their earth, or a great ppr- 
tionof it, by Being froxetr.—Brownrigg on Salt, 
p. 76. Spme icc, taken IVoin under t^e uir- 
face of the fea in jffw(fo^*$ Streights, being 
lUelted, ^are € ouncea of fait from 40 quarts 
, of water.—It is probable, that it would not 

r 

have given fo large a proportion of fait, had it 
been prevloiilly cleanfed froftfi the adhering fca 
water, Philof. Tranf* 1740, p. 867. 
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titincd in many fpring waters, which ^ 
are reckoned fufficiently pure. Eight ‘ 
pounds of frdzen fea water,,taken up 
near Calais, lefrupoft evaporation 3Z 
grains of refiduum, about half of' 
which was fea fair. The fame quan¬ 
tity of unfrozen fea water, taken up 
at the fame place after the ftoft, left 
by evaporation 141Z grains of refi- 

I 

dtium, fo that the water, by being 
fiozeji, had freed iifelf from 1380 
grains of heterogeneous matter 
The ice found at fea is of diflfrent 
colours and confiilencics, fomc ii po- 
iilhed and pellactd* and thought to 
be frefh water icei. another kiid i^' 
of a fpungy texture, and of a'^pafo 
green colour like vitriol; and is has 
been affirmed, that this kind dj ice 

Is 

1 

* Joftrn. Scavans Mah 1769. Sec 
B«erh. Chem. Voh L p«<72i. 
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K 

is fait, and confifts of fait water 
frozen^. This is a miftake, both as 
to the fa( 5 t and the rcafon of it; for 
the vitriol coloured ice, when freed 
from the fait water in which it fwiins, 
is quite frelh and fea water when 
frozen, we have feen, does not yield 
a fait ice. ‘ 

We may, perhaps, be lefs furprifed 
at the particles, of water, in which 
fca fiilt is d iff jived, leparating them- 
felves froni the particles of the fair, 
an^iCoalcfcing together without ad¬ 
mitting any jundion with fuch a 
heavy extraneous body, when we 
confider, that during the adion of 
freezing, they refufe all union even 
with the air itfclf. Water in its fluid 

ftatc 

* Crantz’s Hift. of Greenland, B. 1, c, u» 

«3 3 * > '• 

t Philof. Tranf. for 1770^ p. in. 


4 
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ftate is faturated with air, but it is ii? 
a great mcafurcj if jjoc wholly, de* 
prived of it by being froJ^en ; and 
modern philofophers have followed 
the opinion of Ariftotle^, in attribut- 
ing|he infalubrity (real or f^ppoled) 
of water which has been frozen, to- 
the lofs of its air The water we 

melted out of the ice (taken up at 
iea) was pcrfe( 5 lly frefh, and had a 
purer tafte than any we had ’ on 
board. If any fault could be found 
with it, it was that the fixed air wsis 

^x- 

4 

Nqn fpio n^ore nivi.l?8 j»ernicioj|^ efl, 
fed cb aliam caufam qmtm noil pigebit a^^dre 
auclore Ariilcrt-clc. Oittnis inqUlt> llabet 
iu fe aerii^tctifuifSiai portioi\,cm faltftaMd vtt 
<—*nix ergo^ qua: nihil aliud efl qu^tn in 
acredenf "a, tetfuitatepi fui cum dcnfarcturWii- 
fit, et ideo ex ejus refolutie potu div^r&'Wor* 
boii^m ^Vmem viferdbus iofemiaabtur. Ma- 
crob* Sau. 
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expelled from it, by which means 
almofl: every one who ufed it, was 
alFcfted with fwellin^s in the glands 

of the throat*.. Water melted from 

» 

fftow of ice is known always to have 

this effe<9:, and the conftant ufe of' 

it in mountainous countries produces 

thofe enormous wens which ate com- 
« 

then among Alpine nations'^'.*" If 
the lofs of theWater^s air be the true 
catjfc of the tumid throat, obferv- 
able among the inhabitants of the 
Alps, and of the glandular fwellings 

" ‘ 'Vi 

here mentioned, it iV^ms as if a 
very' finiple proceft wbUld free it 
'from this noxious quality^- and re¬ 
fibre it todts original falubrity, A 
iBhnplc expofure to die"air, fOr a few- 

would be ftifficiehr for the 
pbrpofe; firice water, which has 

A V ^1 

been 


'♦ Former’s Voy. Vol..I»-p» 107* 
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been deprived of it3 Air> imbibes it 
afrcrti very readily, and becomes 
faturated with it in no great lengtli 
of time. And this, rcadipefs of im¬ 
bibing air makes a^aterial differ¬ 
ence between the Water obtained 
from the (imple thawing of rno\to 
and river water, though the river 
water itfelf fhoiild proceed from 
melted fnowi for being in its coiirfe 
cOnftantly expofed to tht? air, it^wiil 
foon regain the air which it had loft 

by being frozen. 

• r 

This may not be an tmpfcper 
place to obfepve, that fcveral fAyjS'* 
cians have rejeijted the ootion ol the 
life of water being tho 
of the wens hero fpoken of, zad that 
upon good grounds. For in 

^hfere fnow water is commonly 
. ufed,*thefc unfigbfcly protuberances 

. 3 « 


1 



C *58 ) 

Are never niet with ; nor did 1 ever 
fee one of them in WeftmoreJand^ 
where we have higher mountainb, 
and more fnow than they have in 
D^rhyJfJtre, in which county they 
are very common. But what puts 

the matter beyond doubt is, that 

# 

thcfc w’ens are common in Sumatra^ 
where there is no fncw^ dining any 
part of the year f* 

The pofnbility of cxtra(fling 
water from Tea water by di ft illation, 
has been Jong known j and indeed 
it Teems as if it could never have 
been queftioned by thofe, who duly 
reftefked upon the origin of all the 
freJlh water wc meet with on the fur- 
face of the earth. The geography 
of the globe is yet but imperfectly 

‘known; 

\ W 

* Rut^s Syiifop. p. 42, , 

t PK& Twnf. for 177$. p. 165. 
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known; enougli, however, is known 
cf it to convince us that a much 
larger portion of it^s iurface is occu- 

I 

incd by fca than by land. The At- 

Lintu: Ocean appears at lirft view to 

♦ 

be larger than the whole Wcftcril 
(‘ontinenr,’ and the area of the reft 


('f rlic habitable world, even if, 
take into confideration the land re- 
ccntly explored in the fouthern 

hcmifphere, leems as if it could not 

\ 

equal half that iinmenfe expanfion 
O' water which conftitutes the 7//- 
and Pacific Oceans. Philofo- 

' I 

phers attempted by meafuring 
' the moft approved maps, an6 by 

other ingenious methods, to ^feer- 

• ^ * 

rain the exact proportion between 

« 

t\it lartd and lea; g^eat precifion 
cannot reafonably be expe(fted to 
accoitipany this inquiry 5 but when 

wC 
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we learn from one, that the fca 
covers near three fourth parts and 
from another, that at covers four 
r-fifehs “f* of the furface of the globe, 

• we may furcly reft ftitisfied of the 
‘ truth of the general j^ofition, that 
»there is a much greater extent of fca 

• -than of dry land. .This iinmenfe 
mafs of fait water which furrounds 
the globe, is the great-primary fource 
from which all frelh water is derived. 
The. vapour which is inceftantly ele- 

i 

‘ vated from thence by the heat of 
the fun, the a<ftion pf the wind, and 

- other 

* See Dr; Dong's Aftronj. Vol'. I. p. i€8. 

•j* The leas, and unknown parts of the 
earth (by a measurement of the beft maps) 

t 

contain 160,522,026 Iquare miles .; the inha> 
bited parts 38,')90,‘569 ; Europe, 4,456,065 ; 
Aiia, 10,768,829: Africa, 9^^4,807; and 
America, ,14* 110,874. Fergufon’s‘Tables, 
P./30Q. 
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other Icfs obvioui» caufes, connft$| 
generaliy fpeaklng, of frefli water, 
which being difehafged from tb^i 
atmofphcce, in the form of dew, rain^ 
hail, or fnow^ conftitut'Ca fpripgs,» 
rivers, and flagnant pooJs, The 
rafte of fca v/ater is we know, not, 
only fait bnc bitter; tbo emm^n 
Jah^ which occabons us fajmefs, aftd 
the Epfom Jalt^ which occafions its 
ti.tternefs can ncijthcr of them 
laijed in viponr (in any fenfiblo 
piopoition) by the lame gently de- 
oroe of heat with which water iT|ay bo 
raifed; in ord.T, therefore, tO ob* 
lain frefh water from fca wc 

need only copy the 

and diftiJ fca wator wiib Vfcpfic I 
heat. This rnethod of obtfioing,^ 
frefh water froni the diftillatibn cjf < 

fca water, #as pfa^tifed by Sir ft/] 
vot, n. ' Hawkins*. 
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Hawkins, in the reign of Queen 
Elizabeth:—Although our frefh 
Water had failed us many days, yet 

with an invention I had in my fhip, 

% 

1 caflly drew out of the water of the 
fea a lufBcient quantity of frelh \\a- 
tcr, to fnftain my people, with liule 
fxpcnce of fuel *, for with four bil-* 
lets, I 'ftilled a hogfhead of water, 
and therewith drelTed meat for the 
fi^k and whole. The water fo dif- 
tilled was found to be wholefome 
and nourilhing 


Since the time of Sir R, Hawkins, 
a great variety of attempts have 


4e in our own, and in other 



to procure frelh water 
from Water j they have in general 
been little elfe than different modes 


, diftill.atipn, but 



y of the 
•^authors 


.y* Parchafs^Collcc.ofVoy. vii.c, r* 
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authors of thciTj, cich-er 
ignorance of the real nature of fta 
water, or froto a dcfign of fendcr-«* 
ing their procefs rnyflerioua^ have 
mixed difFerent ingredients with the 
water either helbre or after its 
lation. The manner of procuring 
(rcili water, by the fin; Ic djftnia*» 
turn of Tea water, feertis ai prefent 
to have attained it gi^at degree of 
perfedion, both in fYafice zndjLng^ 

hr. nd. M. de ii| his 

Voyage round the World, has home 
honourable Cellirnony tO tf}c 
of the machine f«r diftillSh^ ft a 
water, which was made piittfc id 
1763, by M. 

l-^ord Mulp'av&i in hii voya^ to^ 
wards the North Pole, in lyyjflhts" 
done equal^uftice to th^ method of 
•obtaining ftcfii water from fte ft a 

La " by 
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by diftillarion^ which was introduced 
into the EngHlh navy, in the year 
;l77o> by Dr. Irving. Whether the 
invention; of M. PoilTonnier fug- 
gefted any, hints to Dr.-Irving, isbeft 
known to hirafeif;. but he has un- 
, qtleftionably added fuch improvements 
to that method {to (av no more), as 
feem to have juftly intitled him to 
’^the parliamentary reward of five 

k 

thbufand pounds, whkh he has ob« 
tained. The French are as jealous 
of the glory of their nation in arts 
as in arms> and the Engli^, we 
rtruft, will never be their inferior in 

I 

. cither i it is to thiscxccfs of jcaloufy 

f 

we muft attribute ifec acerbity, with 

I 

one of the beft: cbemifta of 

I 


the age fpcaks of Dr. Irving, as 
jhaving deceived the Parliament of 
Eirsiiand, by appropriating to him-. 
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fclf the difcovery of. M. Poifloitr 


In order that the reader may have 
a clear notion of Dr* Irving*s me- 

A 

thod, let us fiippofe a tea-{ccttle, to 
be made without a fpour, and with 
a hole in the hd, in the place ,of the 
knol>: then the kettle being filled 
With Tea water, the frej^, vapour 
W'hich arifes from the fca water as 
boils, will iffuc out tlirough th0 hole 
in the lid ; into that hole |t the 

' ' f ' 

mouth of a tobacco pipCi, ktti|jg the 
Rem have a little inclination jpown- 
wards^ then will the vapour o| frefli 


wittr take its courfe throu 

» «i-* 

ftem pf the tubcj, and may 
lefted by fitting a proper, 
its end# TWs would be an 




rc- 


prefentiM^n of Dr* Irving^i cpn* 

t 3 ‘ triyance: 


( 

• * Chy# VpI. III. p* 5 ^ 1 * 
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^ trivance : he has adapted a tin tube, 
of fuicable diinenfipns, to the liJ of 
the common kettle uled for boiling 
the provifions on board a fhipj the 
frefh vapour which arifes from boil¬ 
ing lea . water in the kettle pafTes 
throiiorh this tube into a hogn)eacl, 
which ferves as a receiver ? in order 
that the vapour may be readily con- 
idenfed, the tube is kept cool, by 
being conftantly wetted with a mop 
dipped in a tub of cold fea water. 

“ It appeared from the teftimony 
which was delivered to the Lords 
of the Admiralty, by many refpeefi:- 
ablc ofHccrs who were eye witnefTes 
to' an experiment, made on board 
the Arrogant^ at Spithcad, in January 
1771, that f\ 8 jo gallons , of fea water 
did| in twenty-five nninutes, after 
being put into the Arrogant'sp cop¬ 
per, 
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i 

per, and a fire made, diflil in the 
proportion of twenty-five gallons 
per hour, into frefh water, perfectly 
well tailed, and of lefs fpecific. gra¬ 
vity than the bclV fpring water in 
that neighbourhood and the faid 
officers gave it as their opiniorif that 
500 gallons of frefh water might be 
diftilled in the fpace of 24 hours, 
with the fame quantity of fuel in^ 
proportion to the time, as is required 
in the ordinary biihncrs of the^ip. 
Every fhip's kettle is divided! into 
two parts by a partition in| t^he. 
middle, one of thefe parts is lonly 
in ufe when peafe or oatmc4 are 
drelied, but water is at, the,|famer 
time kept in the other to pr^erve 

* *' s' 

its bottom. Dr. Irving has availed 
himfelf of this circumftanGe, add by 
filling*the fpare part of thq copper^ 

..with, 


I 
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with fca water, and fitting on tijr 
Jid and .tube, he has ilicwn, that 6o 

4 

gallons of frcfii water may be drawn 

I 

off, during the boiling of cither of 
the abovementioned provifions, with¬ 
out the life of any additional fuel: 
he retommends alfo the preferving 
the, water which may be diftilled 
from the coppers in which peafe, 
oatmeal, or pudding are dreffing, 
as both a falutary beverage for tlie 
fcorbutic, and the moil: proper kind 

f 

of water for boiling of fait provi- 

I > 

fions, 

r 

in November, Lord Sand^ 

wich fenc me two bottles of the beft 
.drilled water whidh could be pre- 

' 4 ^ * 

pared by'Dr. Irving fronri fea water, 
deifiring my dnfetvations upon it. In 
compliance with his Xjordfhip*s re- 
queff, I made the following eilperi- 

meats, 
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mcnts, of which I fent him an ae- 
count* without vcntuiing to give the 
mod; diftaat opinion concerning the 
faiubrity or infaiubrity of the water 
— Fxpen Four ounces of the 
dihilled Tea water being evaporated 
by a (low fire* upon a filver plate, 
K'ft a pellicle, which was very ferfi- 
bly faline to the tafte, and glutinbus 
to the touch. — 2. Four ounces of 
tiic conduit water of Trinity college, 
treated in the fame manner, deft, a 


pcljicie, but not quite fo iargd, nor 


lb iTianifeftly fapid, as that frojri the 



(\ ^ 7 ^ ) 






of fpirit of fair, kft no pellicle upon 
the whole furfece of the plate, but 

f 

only ii yellowilh fpot upon that part 
of it from whiOh the laft portion was 
ctraj^rated; this fpdc was glutinous 
to the touch, and had a bitter metal- 
line ta(lc.-^5* The fame.quantity of 
coiririron diftilled water, impregnated 
With two grains of Tea fait, left a 
pdiide, 'firniiar to that left by the 
dlililled Tea water, cacept that it was 
^omewhat whiter, had a kfs piquant 
afte, and a Icfs glutinous confftency. 
Vom the 4th and 5th experiments, 
ompared with the firfij it may be 
•4 iferred, that th® diftilkd fea water, 

V 

I:^aminied, cohtali^ a fmall 

j \ ^ 

poiiloh’of'lea^falr, and lilfb a fmall 

of the acid of fca fait un- 

with' any Wfis. A very 

' ' 1*1 

mhiutc 
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minute portion of fca fak, or of the 
acid of fea fait,may bedifeovered 5 n 
a large quantity of water, by the milk- 
inefs which enfues on dropping into 
a glafs full of the water> a drpp or 

I 

rwo of a faturatedfolution offilver in 
the acid of nitre»—6. f dropped afo 
Iluion of filver in acid of mue into 
coiurr.on diftilied water; nomilkihefs 


enfued, nor was the tranfparency of 

nhe water changed.—-7. Imp an 
equal quantity of the diftilleji fea 
w'ater, T dropped an equal nij^bcr 
of drops of the folution of filvef; the 
water became very turbid, ^ 
copious white prejjipitation emued* * 
Thefe experiments.■.•ftlew, 4 h^ 

diftillcd fea Hwater is npt VMSr Mb: 




41 

' r ' ' ' ^ /i 

from falinc particles; but kyoha- ' 

bly contains them in fa fmaJl 
' , ^ portion^ 
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portion, as not ro injure its falubriry 
m any feniible degree. 

We may be the more difpofed to 
admk the poffibility of diftillt'd Tea 
water containing falinc particles,^ 
when we reflect upon the fmcll of the 
acid of Tea fait, which circulates 
through the hoiifcs in which fait is 
prepared, by boiling either fea water 
or brine. The vapour which arifes 
from the pans in which fait is boiled,, 
being c«iught and cohdenfed in pro¬ 
per yeflcls, and examined by proper 

t 

tells, gives indications both of fca 

fait in fubftance, and of its acid. It 

* ^ 

is not an eafy matter to afeertain the 
prccife degree-of heat, in which fa- 
line particles begin to accompany 
the vapour whiph is raifed from folu« 
tions of fca fait; it is probably a de-* 

grec 
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gree far iriferipr to that in which 
water boils: at leaft we are certain, 
that faline particles are fbtind in rain 
and fnow water, both of which arc 
derived from vapours raifed into the 
atmofphere by the action of the idii 

i 

upon the ocean. ,, 





ESSAY VI. 


OF CALCAREOUS EARTH-, CRUDE AMO 

CALCINED. 


word Cah has been 

JL duced into the Englilh lanioage*- 

from the Latin j it properly d^ot^s 
the friable earth, to which fom<|fortSi. 
of bodies are reducea by fire| the 
operation by which they are reauced 




to that (late, is called cakimttiok^ and 
a very large clafs of bodies, frord their 
being peculiarly fubjeffc coh^. 

I ' , ^ 

'vcrTSd by fire into a, calist, luye been 






deno« 
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denominated, by various mineraio- 
.gifts, caUareous bodies j the calx or 
powdery'earth, procured from cal- 
H:areous fubftances by calcination, is 
-commonly called limey more phiJo- 
: fophically 

JLead, iroOj tin, and feveral other 
^^ineral fubftances, may rcfpe^lively 
'be reduced by fire to the ftate of 4 
* calxj but the earths, obtainable from 
-ihefe f^bftances by calcination, not 
. pofleffing the other general qualities 

i 

appcrtaining.to the calces of calcare¬ 
ous fubfiances, arc not called quick- 
but calces of this or that fub- 

ftancefroai which they arc prepared, 

; 

In Cmlfridgeftfirey and msmy of the 
(buchern counties of England, lime 
is prepared from tfie cilcination of 
4hidky or, as it is here generally called, 

^The itilns ^re iiiv€^cd<cdnts 

»• 

ilmk 
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funk in the earth, and lined with 
brick j the bafe of the cone is about 
ten feet in diameter, and the depth 
of the kiln is about fourteen feet, ' 
One of thefe kilns will burn about 
{bulhels of lime in twenty^four 
hours; they ufe generally one buftiel 
of coal for every four bufliels of^ 
lime, and in fummer, when thechalk 
is dry, they will fomeciines get 
biiiliels of lime, from the confuipp^* 
lion of one bufticl of coal; but doai 
being dear, the chalk is feidom well 
burned. I n IVales. JVeJhnoreland. 2 |^r- ^ 

^ ^ if 

hyjijirey and many other counties, 

« 

they burn different forts of 

I 

fome of thenu approaching to fthe 

r 

finenefs of marble. In lioUArJy 
where they have neither chalk nor 
limcftanc,|jjiey drag of 

the fea with nets drawn by horfes, 
VOL, ir. * M • and 
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and burn the ihells into lime. In 
the iflands of the fouthern hemifpherc 
they burn coral rocks into ihenam or 
lime; and in fome parts of America 
they calcine madrepoi^esy and other 
fpeoies of coral for the fame purpofe. 
Lime may alfo be prepared from the 
calcination of all kinds of marble j of 
various kinds of Jpar j of ftalabliteSy 
ojherwifc called dropflone, and in 
'Derby(hire watricle; and of feveral 
other fubftanccs which confift of cal^ 
careous earth, cither or mixed 
with clay or /and, or other matters in 
different proportions. In Chejhire, 
and other countries, where they have 
no common materials for making of 
lime, it would be worth while to ex¬ 
amine the earths which may be met 
wit!) upon the furface of dSe gitJund, 
or at a litiU* diflancc below it; /or 



f % 
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calcareous fubflaoces are not always 
united into hard compaft mafles, but 
are fometimes found In the form of 
earth, and that of different colours. 

•f 

Calcareous fubftances’are in fomc 
countries calcined with pit coal, in 
otljcrs with the cinder of pit-coal, jn 
-others with wood, in others .^itb 
peat, in others with fiirxe 5 the kind 
of fdel Teems to be of no confe- 
quence, provided the degree of hifac 
be the fame. Some forts, indeed, Ibf 
pit-coal are apt, efpwecially when u|fd 
in large quantities, to cake togethif, 

4 ■ ■ 

anvl thus hinderins:, in fomc^ meaui , 
the equal diffbfion hear,‘ t t 

rtonc remains! unburned. In or 
that the hfjat may penetrate through 
every pan; of the fubftance to if 
calcua,ed,|it is ufual to break it 
:n|p fmall pieces; but if the caica- 
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<reous ftone happens to be naturally 
lhaken or fpUt inw layers, large 
pieces may be calcined, by placing 
them fo that the flame of the fuel 
may, in afeending, flnej its way be¬ 
tween the feveral layers of which the 
jlone -conrifts. In fome parts of 
■forklhire, they burn pieces of this 
fort of ftone, a foot in thicknefs, and 
a foot and a half in length, without 


•breaking them} they ufe generally 
eight dozen of coal to a kiln, and 

'obtain twenty-two^dpzen of lime, the 
dozen containing ^irty-fix bufliels. 

' It isprobablCjthsit there is a certain 

definite defe at heat, to wUch any 

particular kU»d of . c^careous fub- 
^ in order 


H j* 



ought to be 
its being conye/ted into the belt 

ipofflble lime- If *^*5 ^ ^ 

fmall. the whole of the fobftance ^ill 

\ 


not 
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not be converted into lime; and m 
the other hand, it is poffible, that 
the may be fo great as to re¬ 
duce the fubftance to a kind of glaffy 
jeona; and whenever it becomes vi¬ 
trified, it will lofc the properties of 

lime. I am aware of what is 
/* • 

rally laid, that calcareous bodies, 
when pure, cannot be vitrified with 
the greatefl: degreo of h^ati 
though the h^t of a chemical 
nace may not be fufiScient for pe 
purpofe, ytt there is reafon to belifve 
that a fuperior degree Of heaniay'J 
effed a kind of vitrification i cermi|t 
it is, that the lime-bumers clre- 
ful not to give too milch hea^ feft 
they fhould injure the of 

the lime. When the heat has £«eia 

too*^ violent, they, in mai^y kilns, 
ftnd fevetul pieces of limtftone eo- 

M 3 vered 
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vercd with a glaffy coat, and flicking 
together. I do not take upon me 
abfolutely to fay, that this clFc& is 
to be afenbed to a beginning wtifi- 
cationof thehrticftonei it may cither 
proceed from thence, or it may be 
accounted for by faying, that the 
afltesof the fuel adhering every where 
to the lurfacc of the calcareous fub- 
fiance, have, in particular places, 
where they happen to"be amafled in 
fuAicient quantity, contributed to 

ita"* vitriacation. This vitrification 
of talcardous earth, when mixed with 
Other fufaftafices, is obvious enough in 
the iroii furnaces, where they are ac- 
cuftomed to^oix iimeftdne with the 
iron ore, the JcQfU or Jl&g of an iron 
fojrftace pcrfedlly refembUng glafs. 

. There a Very fingular experi¬ 
ment, ^hich may be properly men • 

tioned 



0 
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lioned in this place. Mix well to¬ 
gether equal weights of powdered 
chalk, or other calcareous body, and 
powdered pipe clay, put the mixture 

I 

into a crucible^. Any where to- 
wards the middle of the crucible, put 
two folk! pieces, one of pure chalk, 
the other of pure clay, la that.they 
may not be contiguous to each other, 
but be every where fcvcrally fur- 
rounded with the mixture of chall^ 
and clay; then by cxpoling the wh^c 
to a ftrong degree of heat for a fu^f 
cient length of time, it will be found 
that the mixture has been conver^d 

i«lw 

* Crucibitfs are round or triangular ▼dfel of 
different dimenlions, wider at the top tlidh at 
the bottom; they are principally ufed for'^the 
melting of metals, and are made of clay and 
fand, w of clay and bbck lead, or bf fuch ^Ker 
tila|crial8 as cah refift the ftrongelk fires witllDUt 
melting. • 

M 4 
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int <3 glafs ; and upon breaking the 
vitrified mafs, wc fhall difeover the 
two folid pieces of chalk and clay, 
unvitrified, and unaltered in their 
figure, though every where furround- 
ed with glafs. Any other fort of 
' clay would probably anfwer the 

‘purpofe as well as pipe-clay, but I 
have always made the experiment 

with that, as being one of the pureft 
ejays. From this experiment it is 
certain, that a mixture of calcareous 
earth and.clay is reducible to glafs, 
in a desree of heat winch is not, fuf- 
ficient to vitrify either of thefe fub- 
fiances when pure. The clay, of 
which bricks and tiles are n^adc, 
often contains a quantity of calcare¬ 
ous earth, and hence we may uncler- 
lland the reafon why ordinary bi*icks 
and tiles are not able to refill a grc,at 

degree 
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degree of hear.; a tile covering a ertt- 
cible is often quite vitrified, whilft 
the'Crucible remains unaltered, the 

tile being a mixture of clay and caU 

» 

careous earth, and the crucible being 
made of pure clay and fand. 

It ts weir known, that lime ia 
lighter, bulk for bulk, than the ch*alk 
or flone from which it is made, feme 
fubflance therefore or other is dilli* 
paced during the calcination *, the 
nature of this fubftance will be! in* 

I 

* 

qnired into hereafter, at prefent pur 
concern is to afeertain its quanSty* 

The fubitances which I convc|ied 

■L 

into lime, were fine white mi^ble 

ar- 

ble j fine tranfparent cryftaUlzed ^ar, 
of that fpccics which min^ralogifis’ 
have denominated hexagonal trim** 
catedi rhomboidal opaque refrafling 

fpar i 
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fparj rhomboidal tranfparentrefradt- 
ing fparj all thefc fpars from Der- 
bylhire; a marble, of a blueifti caft, 
called dove-marble; purple-veined 
marble; Clitheroe limeftone; Pur- 
beck Hone; chalk from Cherry Plin- 
ton, near Cambridge; Portlancfftone; 
Ketton (lone from Rutlandlhire, de¬ 
nominated hammiUSy from its being 

« 

compofed of globules refembling the 
roes of fifhes. A common die is a 
little cube; if we fuppofe the length, 
breadth, and thicknefs of a die, to 
be reipeftively increafed, till each of 
them becomes equal to an inch, foot, 
yard, or mile, then will the die be¬ 
come a cubic inch, a cubic foot, yard 
or mile. The weight of a cubic foot 
of water is found, by experiment, to 
be precifely equal to looo avoirdu¬ 
pois ounces# Afluming then t\\t 
. r: '' weight 



C 187 y 

i 

weight of a cubic foot of water tof be 
1000 ounces, by a method, fufficient- 
ly explained in books which treat oC i 
Hydroftatics, I calculated what would 
be the weight of a cubic foot of each 
of the calcaretms fubHances, which 
I converted into lime. 


Weight of a cubic foot of 


Water 

Purple-veined marble 
Sienna marble 

Statuary marble - - 

Cryftallized fpar 
Rhomboidal opaque fpar 

> 

_ % 

Dove-coloured marble 

Rhomboidal tranfparent fpar 
Clitheroe limeftone 
Puibeck Hone - * 

Chalk, near Cambridge 

f - 

Portland ftone ^ 

Kettun Itor.e * •r 

^ediom of the 12 forti 




icoo'l 
2750 
2729 
2725 
2701 
2700 
2694 
2693 ^ 
2686 1 IE 
2680 
2657 
246* 
2456 



F 

iO 

Sc* 


ii 


It 


I 
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It is unneceiTarjr to trouble the 
reader with a particular detail of 
each experiment, in which one or 
other of thefc fjbftances was con- 
verted into lime; he will judge it 
fufficient to be informed of the 

I P 

general method of proceeding, and 
/to be made acquaint^ with the 
general rcfult, I'he method con- 
lifted in fclecling pure pieces of the 
ieveral fubftanccs, and putting fome- 
times two, Ibtfietimes three of them 
into a crucible filled, with land; 
care was taken that the pieces nei¬ 
ther touched each other nor the fide 
of the crucible j the crucible was 
then expofed to a very ftrong fire 
for four hours: none of the' pieces 
weighed more than an ounce, fo 
that the fire to which they were ex¬ 
pofed, it is apprehended, was qutte 

fufti* 



% 



Sufficient to convert them into per¬ 
fect quicklimes; they were all dry^ 

and were weighed very accurately 

« 

before and after calcinations and in 
the weighing after calcination great 
care was taken to free them from 
every particle of fand, and to weigh 
them before they were quite cold. 
The following table comprehends iri 
one view the different rcfults of the 
Several experiments; the firft column 
mentions the different forts of caka- 
reous fubffances with which the kx- 

I U 

) 

periments were made; the fecund 
cxprelTes in hundred weights, q^r- 
ters, and pounds, the quantity! of 
lime which a ton of each refpe^ive 
fubftance would yield by calcfna- 

"r 

tion; thefe numbers were dertfed, 

" j 

by the rule of proportion, from the 
llinaii weights'* ufed in the experi¬ 
ments ; 
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ments; the third column exhibits 
the weight of the matter difTipated 

from each calcareous fubftance dur- 

k 

ing the calcination. 



C. q. lb. 

■Oi q.lb« 

Turplc-veined marble 

11 I 24 

82^ 

Purbeck ftone - - 

11 I 22 

826 

‘Clitheroe limdlone - ' 

li I 17 

8 2 II 

X)ove-coIouicd maiblc 

II I 13 

cc 

Chalk 

III 9 

8 2 19 

Sienna marble 

III 7 

8 2 21 

Portland ftone • 

11 I 4 

8 2 24 

Ketton Hone 

II I 2 

8 2 26 

Statuary marble 

11 f 1 

8 2 27 

Rhomboldal tranfp. fpar 

Ill 0 

CO 

0 

Rbomboidal opaque fpar 

li 0 12 

83 iC 

CryftalHzed fpar 

t 

* 

IT 0 I 

s 3 27 

< 

Med. of Hme from a ton 

r 

II I 45 


Medium lofs of weight 1 

8 j 23J 


in aton i 
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Having formed this table from 
my own experiments, I wa's willing 
to fee what correfpondence it bore 
with the experiments of others. 
Authors feldom exprefs, th^rnfelvea 
on this fubjcct with fufficient prepi- * 
fion; 1 have met, however, 
fomc experiments, ,V^hich feem^ to 
have been made with great accuracy, 
and I have from them calculated the 
following table upon the fame prin^ 
ciple as the preceding. 


Couf^ 
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* Courcefles limeftonc 
Calcareous earth feparat- 
ed from marie 
j] Calc, earth from marie 
•j- Chalk 

§ Vienna limeftone 

*,j^CourcelIes limeftone 

( 

Swedifti limeftonc 
C Gothland coral 
■ ^ Fifti ilrells 
** CourcelJes limeftone 
^ Chalk 

1 

if Vienna limeftone 

Med. of lime from a ton 
Medium lols of weight )n| 
a ton ' ^ 


C. 

q- 

, lb. 

:.q 

•Tb. 

11 

2 

2 

8 I 

26 



V 

1 



T I 

I 

23 

8 2 

5 

11 

1 

20 

8 2 

8 

11 

I 

9 

8 2 

^9 

11 

I 

0 

r 

^3 

0 

11 

0 

24 


4 

II 

0 

18 

‘5 

10 

11 

0 

12 

3 

16 

II 

0 

6 


2 . 1 

II 

0 

1 

- 3 

- 1.7 

II 

0 

0 

') ^ 

0 

JO 

2 

14 

9 > 

M 

11 

0 

r 



8 

3 

7-“ 
/ 1 a- 




From 


* Paris 18 principally fiipplied with lime from 
the CoufccHes limeftone# — the three piece*, 
here 'mentioned were burned in an ordinai^y 

lime kiln for 30 haur5» Mcm.dcVAcad. 1747 # 

|>. 62# 


3 
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From the bare infpedlion of thcfe 
tables it is obvious, that calcareous 

I 

fubftances dififerenc Icinds and 
countries, do not differ much from 
each other in the quantity of limd* 
which a ton, or any other definite 
weight of them would yield by cal¬ 
cination. 


Though I had every rcafon to be¬ 
lieve, that tlic^ experiments from 
which I calculated th^ tables were 
made with as much accuracy as the 
nature of the fubjed would adn^t j 

v' 

Vet 

•4; Piulof. Tnaf, 1775, p, 161. 

(j Eden. ElF. Vbl. Hi. p. ii5. 

f Dr. Black, to whom we ate ibd«|ted 
tor our knowledge of the cotiHituent of 
».tilcareous earth. VoL II. I 

§ Prof. Jrc^uiiPiExam. Ckem. Doc. Mev. 
Vienna. 1769. ' 

% Wtillerms, Swed. Mem. t^6o. 


vot» tr. 


N 
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yet I thought it would add greatly 
to their confirmation, if it could b > 
Ihewn, that the quantity of linve 
really procured from calcination 
of a ton of chalk or limeftonc, was 
not much different from the medium 
quantity afeertained by the experi¬ 
ments. I went, therefore, 'to one 
of the kilns of this country, where 

they burn chalk into lime; and I 

/ * 

fitft weighed four bufliels of chalk, 
\7hich had been dried by the heat 
of a hot fiimmeri the medium weight 

of the four bulhcls was 864 pounds : 

% 

1 then weighed# four buihels of the 
lime, warm from the lciln> the me¬ 
dium weight of which was 664 
pounds. Calculating, from thefo 

I 

numbers, the weight of lime which 

- '* i 7 ^ 

a ton of chalk would yield, it will 
be found to amount to 15c. iq. ylb. 

—Tl?hs 
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, < 

-—This quantity of lime being lb 
different from what I expeded, 
brought a piece of the chalk to my 
claboratory, I then weighed it ac-» 
curatciy, ^and found that a month 

• t 

after, though the weather was hot, 
it had neither gained nor loft waghr. 
I then converted it into lime, and 
it gave after the rate of iic. iq, iplb. 
of lime from a ton j or 3c, 3q. i 61 b. 
kfs than what the fame chalk when 


burned in the kiln would yield.' 1 
take this difference to be wholly 
attributable to the fuperior degree 

of .heat, with which the dialk in hiV 

' ■* 

experiment was burned. ' It is tO'be 
wifhed that m<^e coal was ufed inlhe 
burnlngof Jinfit in this couoitj^ j Ibr 
if a ton ofchalki when|i‘rdpdly b^n* 
ed,ought to weigh only about i 1 htan- 

dred weight, and it docs ariiminly 

^ ^ } 

N 2 
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weigh about 15 hundred weight. It 
is obvious that the purchafer has 
about 4 parts in 15 which are not 
lime but chalk; and to this caufe 
are to be referred the hard lumps, ■ 
which are found in the lime of this 

j 

country, when it is flacked; thefe 
lumps being nothing but chalk which 

is not burned into lime for want of 

% 

a fufficient fire; the expence alfo of 
carrying 4 tons of chalk in every 15 
tons of lime, is a circumftance not 

I 

to be negledcd. 

Ac Pennybridge, in Lancafhire, 
they burn a hard limeftone, a Win- 
chefltr buihel of this flone weighed 
iS4lb, The fame mcafurc of the 

•i ) 

, wei 
give lie. 

3 q, II Jb. qf lime from a ten of 
the ftone, 

•Ke 



lime, when juft, burned 

P f 

loolb. Th^fe numbers 
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The Jime burned at Clitheroe, in 
Lancalhlre, is reckoned to be as good 
as any in the kingdom, when appli¬ 
ed either as a manure or as a cement: 
a bulhel up heaped of the beft crude 

I 

Hone weighed ,147 pounds, an equal 
mealwre of the fame ftonc after cal¬ 
cination weighed 71 pounds; from 
this proportion it follows, that the. 
Clitheroe limeftone would give only 
9 c» £ q. 17 lb. of lime frorn a ton 
of the done,—this conciufion nn(ighc 
be rendered more certain if the tnc* 


diurn weight of fevcral bulhelsfwas 

' » , ' * 

taken. It may, however, be, ex-* 
pefked that the Clitheroe limeftone 
^ould lo/e more weight thar| the 
Cambridgettufc chalk docs, fqr In 

burning it they ufe at lead twite as 

^ , 

much coal, or one meafurc of coal 

4 

two of limeftone. This propor- 

• N 3 iiiOq 
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tion of coal is a very great one^ Ar 
Knarefborougbj wfiere they burn a 
kind of limcftone fonned by peers- 
fadlion, they ufe i bufhcl of coal to 
3 of lime. 


From what has bc^n faid, it mud 

I 4 * 

be concluded, that calcareous I'ub- 
ilaaces have a very great refemblance 
to each other, as to the quantity of 

I 

that matter which is difperfed from 
equal weights of them during calci.- 
nation ^ and here a curious queftion 
prefents itfclf, which cannot be eafily 
decidedIs the difference in the 


quantity of lime, procurable from 
equal weights of different calcareous 
fubdances, to be accounted for. 


-from the different proportion in 
which the earth remaining after caU 

S ' V' I 

citation is united, in the crude fub-* 
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during calcination j ojr does it pro¬ 
ceed from fomc Onavoidable inaccu¬ 
racy in making the feveral experi* 
ments r—It muft be acknowledged, 
that it is difficult to fay whether thfr 
bodies are equally dry before thejr 
are fybmittcd to calcinatiop,vUnicfs 
we knew the precife degree of force 
with which they imbibed and retain¬ 
ed the humidity of the armofphere j. 
it is difficult alfo to give them ex- 
adly the fame degree of heat during 
their calcination, and to weigh them 
vvhilft they are equally warm | the 
greateft attention, moreover, c|nfio,c 
always prevent a- lofs of iTomc 
part of the fubftance to be weighed^ 
nor a gain in. weight from tl|5 ac- 

^ I 

cretion of fomc hcteix^eneousi mat¬ 
ter ; yet, notwithibmding theft,.anc^i. 
perhaps, other fourccs of error, in 

K f making 
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making the experiments, I am rather 
difpofed to think, that the propor¬ 
tion in which the fixed earth is united 
to the volatile fubftance, is not the 
fame in all calcareous bodies. 

• A piece of dry chalk, and the 

three Derbyfhirc fpars w'tre put into 

the fame crucible, and expofed for 
♦ * 

four hours to the fame fire; it ap¬ 
peared, from the experiment, that a 

ton of the chalk would have given 

1 

35 pounds more of lime than a ton 

i 

of the fpar which gave the leaft 
quantity of lime, and that the ijw 
which Slave the moft lime from a 

ton, exceeds that which gave the 

X 

leaft by cy pounds* , 

I made another experiment with 
the fame view. Six diCcrcnt calca¬ 
reous fubftanccs, which had been, 

i ^ ^ t ^ 

kept in the fame room for a month. 
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or more, i^iere put into the fame 
crucible, and expofcdto a very ftrong’ 
fire for 24 hours. I weighed them 
all whilft they were warm, and the 
quantities of lime which a ton €>f 
e^ch would have given, with that 
degree of heat, arc exprefled in the 
following table ; . . 



C« q. lb. 

Chrilk 

11 I C 

Clilhcroc limellone 

1 i 02^ 

Sienna marble 

II 0 ^ 

Statuary, marble 

10 3 21 

Rhom. fpar 

10 3 2 

Cryilollizcd fpaV 

10 1 2 t 


From this experiment it maj be 

inferred, that the difference betvj^en 

the quantities of lime earth, pr|ca- 

rable, under fimilar circumftanccs, 

from a ton of chalk, and a ton of. 

hard tranfparent cryflalltzed fpar/ 

• • 

IS ' 
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is 92 pounds, or near^T wholt: 
weight. 

m 

Whether this difference be greater 
than what inight arife from different 
fpecimens of the fame ksmi of cal¬ 
careous fubdance, is more than" I 
dare pofuively affirm. One fpeci- 
men of the Courcelles limeftane, we 
have feen, gave after the rate of 
ii c. 2 q. 2 lb, from a ton of the 
crude ftone; another calcined in the 
fame Idln gave only 11 c. a 1 lb, 
from a ton, the difference is 57 
pounds, or about of the whole 
weight. Different pieces* broken 
even ffom the fame lump of chalk, 
limeftonfe, marble, and almoft every 
other calcareous fubftance, feldom 
conliff of precifely the fame mate¬ 
rials; this is obvioufly fecn in build¬ 
ings and pavements, made either 

I 

with 


c 
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marble, Kctton, or Portland 
fione ; there may generally be ob- 
kTved hard knobs, which do not 
wear away fo fall as the other parts 
of the {lone; and thol'e who are ac- 
cwftomed to law any of ihefe Tub* 
llances^ arc fully fenfible of this 
diverlity of ftrudure in the farpe 
block of Ifone, from the greater 
didiculty of cutting fome parts of it 

than others. 1 broke the fame fnaall 
lump of chalk info four different 
pieces, and calcined them for dif¬ 
ferent lengths of time, with a v|ew 
of feeing whether there was not fdpac 
regular proportion with re 1 |^e 51 | to 
the time according to which Iche 
quantity of lime procurable fitom 

*■ I 

chalk would vary* I broke alfo^the 
fame lump of Clitheroe limeftonc 
into four fmall pieces^ and calcined 

. them 
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m 

them for different lengths of time 
with the fame intention: the rellilt 
of the experiments is cxprcffed in 
the annexed table. 


Chalk calcined 4 hours 

Lime 

from a 

ton of'' 

II I 21 

7 hotaxs 

II 

2 18 

10 hours 

II 

2 14 

£4 hours 

> V 

11 

I 6 

> 

Clitheroe limellone calc. 4 hours 

11 

i 17 

7 hours 

‘ / 1 

II 

0 1 

TO'hours 

1 

4 

11 

* 9 

24 hours 

11 

0 22 


The^cader w 
experiments did not anfwer my in- 
lentiop in making them, fince there 


ill perceive thatthefe 


does not appear to be any regular 
decreafe of lime with the increafe of 


the time of calcination s but they 
probably point out to us a difference 

IR 
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in the compofition of the diiTcrent 
fpecimens; and, indeed, in the chalk 
which was burned for 7, as well as ia 
tliat which was burned for lo hours, 

I could difcern, after calcination, 
fome fmall fpecksof iron which were 
wholly invifiblc before edeination, 

Mr. Whitehurft * has favoured the 
world with fome very interefting ob- 
fervationS concerning the ftrata in 
Derbyihirc; the following is hi^j rfc- 

k 

coiiit of their refpcdivc thickne^es, 
and of the order in which thcy|ruc«» 
ceed one another; No. i. denc^ing 
the uppermoft ftratum^ 

I 

See his to the In<iuiry i^p the 

State of the Earth. \ 


1 . Grit 


<1 
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s* Grit > 120 yarX 

2* Shale •* 120 

3. Limeftone 50 

4. Toadftonc 6o 

5. Limeftonc ,' 50 

' 6. Toadftcne 46 

7’. Limeflonc 60 

S. Toadftone 22 

9. Litocftgnc hot cut tlirough. ' 

a 'Thefe feveral flrata of limeftanc, 
are each of them divided into layers, 
Vfhich have verjr different appear¬ 
ances, Thus No, 3. which is 50 yards 
in thicknefs, nfiay be confiden|d as 
confifting of five difiind layers. The 
ift layer, which is contiguous to the 
lhale, is the black Derbyfliire mar¬ 
ble ; the fecond is Called by the miners, 

fnail horn marble, frdm its abound¬ 
ing with fcfcw-ftoncs, and fifh .fliells^; 
the 3d is a compaft grey limeftone, 
with fcvcral large cryftalline Ipecks 
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in ir, 4 )ut with fewfhellsj the 4th 
has rather Icfs fpecks, and is whiter 
than file 3d} the 5th layer, which 
lies immediatelv over the toadftone, 
is likewife a grey limeftone. I ex¬ 
amined the relative weights of the 
l^’bk marble, and of thefccond, third 
and fotrth layers of the fliratunr!, No. 
3. with great attention, and alfo the 
quantities of lime which a ton of each 
would yields the fcveral fpecimens 
were calcined in the fajne crucible, 
for the fame length of time. 


Weight of a cubic foot 
of the crude ftone. 

t 

Weight of lime from 
a ton. 

1 

1/ 

Ounces. 

C. q, lb. 1 

Layer i, - 2690 

II j 7 ■ 1 

2 . - 2685 

II 1 7 1 

• 3. - 2640: 

II 0 15 t 

4. - 2650 

1 

II i 4 

« 

... > 

^'ledium 2666 

1 

It I 

* 
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It appears from thefe experim< nr*^, 

/ 

thee thefe 4 layers of the fanc^Urd- 
tum oflimeftone, do not lie in the 
earth according to tli^ir^veights, the 

Uppermoft layer being the heaviefi, 
,'and the third layer being lighter than 
'.that cither immediately above or be- 

m 

i 

flow it. The quantity of lime, which 
.a ton of each would yield, feems 
xto have fome dependence on their 
weights ; the hcavieft layer yielding 
the mofti and the Ughteft layer yield¬ 
ing the lead lime from the fame 
weight of done 

I have 

* This obfervation is not true, I think, con- 
cerning calcareous /t^lbnces in general, for a 
piece of Derbyshire watricle, wliidb was 30 
ounces in a cubic foot heavieT than the Derby- 

1 ^ 

(hire black marbk, being calcined in the fame 
crttcible with the marble, gave only 11 c. o q. 

It lb. of hme, which is ^2 pounds In a ton kfs 

' C* t N ^1' 

than the marble gave. 
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9 . 

I have now given an account of 
xc experiments made by other au¬ 
thors, and of g2 made by myfelf, on 
calcareous fubftances of different 
kinds and countries, the mediiuii 
ouantitv of lime procurable from 
tonXf ihcfe rLibllanccs, will be found 
to ,amo'jnt to i ic. oq. a^lb. .and 
confecpicntly the medium lofs of 
weight wtil be 8c. jq. 31b. 

When compati^ nxafies of any forx 
of lime arc expofed to the air, cv^n 

in a room dickered from rain or deW, 

♦ 

they fooi) begin to crack, and in ho 

ff 

great length of time they fall intol a 
powder, and receive a confideralilc 
increufe of weight*, The time reqx|i- 
fite for effeding this change, de^enfls 
much upon “the quantity of the w- 
face of the lime, which is expofed to 

I ^ 

the air, partly,! believe, but I atm 
VOL. n. O HOC 
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not certain, tJpoii the d^ree of hu¬ 
midity reigning in the atmofphyrc, 
and .piirtly upon the nature of the 
body,^ A piece of ftatiiary marble 

was .converted into lime on the loth 

’ . ’ 

*of Febvr']i779 > before its calcin^pn 
it weighed 540 grains, after calcina¬ 
tion and whiift it was yet warm from 


the fire, k weighed 3*^4 grains; this 
laft quanti^ was laid upon a piece of 

clean papcir, putt into a drawer of my 
ftudy tile, and weighed at differ¬ 
ent intervals, till it bad acquired^its 

ff ^ f 

Vttnoft iilcreafe of weight, which it 
uttsioed on the 4^^ Mfttch, it then 
^veighing ,515 grains. I weighed 
this lime for wo jmpnths afterwards, 
at different times, but« ftill weigh¬ 
ed the fame. Another quantity of 
r^roe from ftatuary flaarWc, was ex- 
.aniine^ ift the faipe way, and it ac- 

quired 


I J 
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quired its greateft iticreafe of weight 
in twenty-two days. It did;, not 
feem to me, that any other kind of 
calcareous fubftance, when reduced 
to lime and expofed to the air, ac- 
jgpired its greateft increafe of weight 
fo llpeedily a« ftatuary marble; I 
make this obfervation with diffidence; 
for I have neither tried all the forts 


of calcareous iubftanoes, nor any of 
them under prectfely the fame cir- 
cumftances. There is far greater 
trouble in making experiments^ th|n 
thofe, who have not been accbftiom- 


ed to the buhnefs, can readily coi^ 
ceive; many niceties are to be a* 
tended to, the leaft of which bc^a 
omitted, the concllilion becomH 
doubtful; the mitid, moirtoveri hay- 
ingonce acquired' the diit** 

lines of knowledge, has not alwi^s 

o 2 patience 
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pi^iiencc to attempt the filling up the 

•minuter part of the defign, efpecially 

& 

if its attention can be but acciden- 

, A 

tally employed upon the fubjeut. 
/Whoever undertakes to afeeftain 




the time in which lime, prepared 

from different fubffanccs, acquires 
its greateft increafe of weight by 
expofure to the air, would do well 
to take equal quantities of the limes, 
whilff warm :'from the fire in which 

4 

A 

they were made, to reduce them im¬ 
mediately to powders equally fine, 
to exobfe the powders to the air, in 
a rpom free from dqft, and to weigh 

■v'' ^ ^ * 

them at ftated intervals. Or the 

experiment'may be varied ly taking, 

« ^ *■ 

inffead pf powders, equal in weight 

' * ^ ^ ' ** ’ 

apd. jaitenerS) rplid;,vpieces equal in 
bulk and iflu face,.; fuppofe a cubic 

* t “ ft' , ^ ' 

.inch of each loxt^.^nd loucffion not 
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but fbme interen:?ng conclulions, fc- 
lacive to Ch^ attractive powers of the 
different fubflaaces, migljt be de- 
livcd from experiments ot this foit 
carefully and repeatedly made. 

^he powders into which the limes 
of difRrent fubftances arc refolved by 
expofure to the air, have not all the 
lame appearance j thofe of flatuary 
nurble, dov« nr^rb^e, Portland ftofie, 
Ketton flone, and, probably, feveral 
otlfer forts, are compofed of ht|lc 
globules vilible to the naked eifcs 
whilft thofe of^chalk,*Sieh^a marble, 
and fpar, hav^ np appearance of gp- 
bules^ nOiTjdo^ |hey feel fo hlirlh md 
gritty to the touch* as the others |o. 
The whiteft of all the limes, whtdb I 
have ever fren,‘lls that which may op 
obtained from the cryttalUzed fgar 
before mentioned ; ftatuary marble* 

9 03 and 
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^ 1 . ^ 

and Portland ftone, give very white 
limes, but they are many degrees lefs 
white, than that from cryftallized 
fpar. The limes from Sienna mar¬ 


ble, chalk, rhomboidal fpar, and 
Ketton (tone, have a yellowifli 
SeveraFcxperiments were m^oe in 
or^er to afccrtain the utmoft increafe 


of weight, which different forts of 

I ^ 

lime can acquire by expofure to the 
air. The limes were, ail loofely 
folded up ih ckan paper, laid imthe 
clofet of a room where there was a 


I 


conftant fire, and weighed at different 
intervals, tijl they had acquired their 

greateft increafe of we^ht, which 
fomc of them did not do injefs than 


three quarters of a year. The gene¬ 
ral refute of the exjperiments is ex- 
pre^Ted in the following table j where 


the firft column contains the names 

I 
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of the fubftanccs, from;* which the 
limes were prepared, the fecood ex*- 
prelTes the height to which a ton of 

j 

each fort of lime would increafe by 
expofure to the air, and the third 

ihews the quantity of the increafe in 
a ton^ 


A 

C» q* lb* 

'' C» .ft>* 

Sienna marble - - 

35 0 12 

15 0 12 

/ 

Dove marble - • 

1 

35 0 9 

1 

0 9 

Portland ftone - - 

34 3 f 

H 3" 21 

1 

Statuary marbl^^' - ' 

• 34 * 0 

14 2. 0 

p 

Rhomboid, tranf. fpar 

54 0 16 

14 16 

Purbeck ftotie - - 

34 0 8 

» 4 ' i 

0 

Cryftallizcd fpar - 

33 J *5 

'• *3 

* 

Rhomb, opaque fpar 

' 3I’ 1 21 j 

Ti* . 

Clitheroe limeftone 

3* I 13 

12'#15 

Ketton ftone - • 

1 

■ }i 3 »3 

' 't'f 4 *3 

Chalk - - ' - 

f M 

30 * 9 i 

.. 10 ^ 9 

t 




eft increafe of weight which a toii of 

04 « lime. 
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liine, of ftveral forts here men- 

‘ > 

tiontd, would acquire by cxpofiire 

» ' 

to the air, aimounts lo rather more 
than three quarters of a ton, and the 

i ^ t 

kaft amounts, to .above half a ton. 
This obfervation is worthy of no^ic^ 

in apra(!ljifcul view j lime is fon^ctimes 
fold' by weight, and it is obvious, 
that the f<rflef will be a very confi- 
dtrable gainer, if, after having drawn 

his kiln, he lets his lime remain ex- 
pbfed to thtJ air for a few days before 


it is Ibid. I have frequently obferved 
pieces of new-burned lime,, daily in- 
creafing at the rate of one hundred 
weight per ton, for the firft five or 
/fix days. Tiic farmer top, in liming 

his land, fliould contrive to carry 
out his lime as fooh as pbfiiblc after 
is burned, he may , otherwife for 

every 


• I 
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every ton, have the trouble of carry** 
ing a ton and a half, or more. 

Lime which has once acquired its 
greateft increafe of weight, docs not 
lofe any part of what it has acquired 
by fubfcquent expofure to the air, 
even, during the heat of fummer. 
Several forts of lime, which I ap¬ 
prehended had gained thtir greateft 
increafe of weight in April and May 
1779, were’ weighed at< different 

'f 

rimes during the fummer of fthc 
fame year wKich was frequently 
very hot, but I did not obferve 
any one of them was diminiflictf in 
weight by the a6lion of the h^t: 
Jet the- matter, therefore, whiclf is 
attraded by the lirnc froic|r the fair 
be what it may, it is a permanent 
fubftance, and not flibjeifi: to eva|io- 
ration during fummer. Hence it 

. caa- 
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cannot be doubted, that the foil 
upon which lime is fpread acquires 
a great increafeof matter; every ton. 
of lime attradls above half a ton of 
fome fort of matter or other fiom 

f 

the air, and adds it to the ea^h;' 
now this matter would not haye^ be¬ 
come united with the earth without 

t 

!■ 

the intervention of lime : but whe¬ 
ther any part of the advantage of 
liming, where fhe foil is bad or 
fcanty, iftay' be attributed to this 
increafe of the tjuantity of matter 
which is derived from the air to the 


earth, U a queftion which I have 
not (kill enough in agriculture to 

decide. 

\ 

. I 

I have been told by a gentleman 
of fortune in Ddrbyfhirc,, that he 
bas frequently, with great fuccefs, 
fpread looo Wincheftcr bufhels of 

lime 
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lime upon an acre of ground : let us 
fuppofc a Winchcfter bufhel of Der- 
byfhire lime to weigh lOO pounds, 
then will 1000 bulhels weigh 100000 
pounds, pr abov^ 44 tons) and fup- 
pofing one ton 'pf fuch lime to gain 
onl^i4 hundred weight by expo- 
fure to the air, then will the; whol^ 
acre receive an increafe pf foil, from 


the lime which is fpread uppn it, 
equal to,above 3011 tpns in weight 
beyond the. weight df thi^lime. 
Having eftimated, the lofs ,of 


weight fuftaiiie4 by. different calcm** 
rcous fubftances during their cal#i« 

a I ' *i\ 

nation, and alTo the gain of wei^t 
which the limc^^procured from th|fe 

I ^V 

fubftances acquife by cxpomreJto 
the air, it is . natural to inquire 
whether the gain is equal to the lofs* 

Upon the 6th of March I converted 

\ 

into 



( ) 

into lime 204 grains doWiftaiWc i 

the lime weighed whilfl fcot, 116 
grains; upon the of the follow¬ 
ing November the lime weighed 
grains, Tbii lime was fre- 
'quemly weighed « from Marcia to 
November, and if it Ihoiild be Tup- 
pofed that^halfa grain was infenfibly 
loft by ftequenc weighing, then v\« 
muft conclude that this kind of lime 
gains by cfpoluli: to the air, jufl a| 
much me marble it is prepared 
from lo^es byvcaltination. Upon a 
repetitioa^ of'^this i^iKperimcrit with 
another fpechnen of the dove-marble 

I foufjd^ tbfii^fefuk to be« as 
accurately as ah the 

lime^ If we makl^no allowance for 
anylofs of weight by reputed: weigh¬ 
ings, then thj^ incre^^of weight by 
CJtpofure to the air be efteemed, 

kfs 
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3 efs than th? lofs of weight by 
nation, by about one four hun- 
c^reJih part of the weight^of the 
marble, 

So're dry chalk, weighing 120’ 
grains, was reduced by c^alcination 
to^ grains of lime j this quantity 
of hme became, by eaepofure to the 
air, when it had acouired ks utmoft 

' A 

incKafe of weight, 104 grains ; that 
IS, i» warned 16 par^^ in 120, or be¬ 
tween one fevenrh^and 0ne eighth 
of the ori^irjal weight of the chall^ 

The dove iwhle the ch^k 
are the two extreities of aH^ the 
ftances I ha^^e tiied; no kind m 
Hme rOgliiqed fb tntitch weight as tftll 
from dov^ miiftlfe/and none fo IMe 
as that from chajk. Flijlolbpmy 

may be well employedi in accounctlig 
for this diverfry ; 1 only 

lervkJrd 

d M 
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tercfted at prefent in cftablifhing the 

fa6t, which fcems not to have been 

fufficicntly underllood by chemifts 

* . 

of defervedly great eminence. M. 
Macquer fays “ quicklime combines 
with the moifture of the air which 
it feems capable of attracting, l^/the 
rinoifture thus attracted, the weight 
of the quicklihic is doubled M. 
Baume weighed fome lime very ac¬ 
curately, and though he kepf^t in 

a cellar 

i» 

_ ^ , ( 

* Cnem. .Di€t. by M. Macquer, artic, 
in the Bnglifh tranflationThe 
original of this Work Is 'excellent in its kind, 
and it is greatly Improved by the very judici¬ 
ous notes, of the tmnilator. In jufticc to M. 
Macqudp, it ought to b^ obferved, that' in the 

f 

fecond Englifh edition of his Dictionary, the 
palTage quoted in the text Is greatly altered ; 
diere is no mendon made of the mtkfiure of the 

4 

air> and the quicklime Is only faid to recover a 

jf rea/ part of its odginal weight, by expofure to 
the a;r. 
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a cellar for fevcral years, yet it never 
regained the weight of the calcare¬ 
ous earth, from which it had been 
prepared ; there was always a defici¬ 
ency of more than two ounces in a 

I 

pound 

t^do not queftion the veracity of 
either of thefe gentlemen,or their ac¬ 
curacy in making their experimentSi 
but the properties of the particular 

f 

limes which they examined (hould 
not have been given as charafteriftic 

t f Si 

properties of limes in general. Jlo 

I 

lime that I ever tried was doublM 

^ •« 

in weight by attracting matter (|>« 
it moifture or other matter) frclhi 
the air, yet if a Jiinrtcfto|ic could pe 

> ^ A 

found,” which is hair impofiible, tl|ae 
lofi half its weight^ by calcination^ a 
fpccimcn of lime from fuoh a lin^w 

Hone 

* ak 

^ Chyraie par M. Bailing, Vol. 1 * p, 177 . , 
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Hone might, pcrfioips, be doubled in 
its weight. On the other hand, I 

I 

only met with’one fort of lime, that 

f 

from chalk, Which ih its 'inercafc 
fcemed to fall fo far fl-iOrc of the 
original weight Of the fubftance froii^ 

■ ^ k • ' 

which it was made, as,to want more' 
than'^^tWo ounces in a^'pcfwnd, of be- 

I 

tweeo "Offo^feVcnth and one. eighth 

A 

of the whole weighf, :M.y ex peri* 
mcnc in chU particular: infta^ce, hif- 
fieiently coincides y/iwthetoo.gcne- 
xal obfervaSon of Baiirnff 

' ' ’ 1 ' I ». 

The chalk or ciunch of this coun* 
try ia not a pure calcareous earth, 
it contains a portion of fand ? and 
■ hence, whcii^a 4fe6hke weight of this 
chalk lime is expoftd to the air, it 

j r _ 

cannot acquire as rnufeh in'creafe. of 

weight, as tlie fame quantity of 

‘ ‘ , *' 

ptiyer lime would db: for the fand, 

' : . ' '. - ’ which 


ji ' 1' ' “ I 



which is mixed* with the is of 
a very diffcccnt natucefrom the lime, 
and docs not attraft any thing from 
the air. This obfervation may be 
extended.to different forts of lime- 


4 

fione, and it-may fugged one reafon 
for tte diverlity, in the (irengch of 
different forts of lime, when tifed 
either in bnildi^Of i,n agriculture, 

^ ' n ^ *■ 

The Uble. 5 n which the increafe 




of weight acgtt|Sred by different forfs 
of lime, in cpnfcqucnce pfShtir expo- 
fure to the air, is expreffed, was ma(|e 

with great accuracy.; yet is Ac not ^ 
be confidered nijiyerfaHy triic, cVieIl 
of the fubftaij,c^.ih^e fnfinuonedl 
for thcr^ is belieyi 

that the,quantify of matter,. whic)h 
the fame fort of lime can attraft 
from the ai(?, depends very much 
•upon tj^e degree ^f heat with* whi^h 

• p 
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the lime has been burned j there is 
a certain dehnite decree oT heat re- 
quifitc to make the lime attra6l the 
greateft pofilble quantity from the 
air. When the heat is not fufficient* 
to convert the whole of the flib^ance 
into lime, then that part wrich is 

I 

not changed into lime, will not con¬ 
tribute any thing to the increafe of 
the weight of the lime when cx- 
pofed to the air, inafmuch as it 
poflefics no quality of attiafting 
any thing from the air. And, I be¬ 
lieve, the obfervatioh is equally true, 
when the heat has been more than 
fuflicienc to convert the whole of the 
fubftance into lime. It has been 
before mentioned, that (ix different 
calcareous fubftanccs were changed 
into lime, by being expofed to a 
very 5ercc fire for .24 hours: this 


‘CX**’ 
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experiment was made in November, 
1779; I have frequently weighed 
the limes fince that lime; they have 
all of them acquired their grcatefl: 
increafe of weight j for on weighing 
them in January, 1781, 1 found that 
they had not gained any increafe pf 
weight in an interval of three rrionths, 

_ " ii 

The following table exprefles, 
the fecdnd column, the inCrcafe of 
weight which a ton of fhefe fub 
fiances would have gained, and th^ 
third column expreffes the incr&afi 
which a ton of the fame fubftatteei 

” I /' 

would have gainrf, had they beeii 
only expofcd to ‘^e'fame‘ fire fdr 
hours. 


I- 


\\ 




Sitiuta 



( ) 


1 

C. 


lb. 

C. 

<!• 

lb. 

Sienna marble 

8 

I 

*5| 


0 

12 

•Rhombt fpar 

8 

I 

5 


0 

16 

• .. 

Statuary marble 

8 

.0 

0 

*4 

2 

0 

Chalk 

'T 

/ 

I 

rS 

10 

2 

• 

1 

9 

Clitheroe limeftone 

6 

2 

9 

it 

I 

'5 

’Cryftallized fpar - 

6 

0 

0 


1 

25 


' Thefe experinacnts clearly prove 
the great utility of burning lime 
>vith a definite hear, for .the excel¬ 
lency of lin^, ro whatever purpofe 
it be applied, depends, probably, 

I I < ^ 

.upon its dlfpofuion to attradl that 

' ^ ’ ' \ f '■ t ^ 

matter from the air, which it nas 

I I I ’ 

loll by calcination; ind we fee that 

* ^ ^ ^ 

none of the HniCs,’ 1 i 9 ’nich were iDUrn- 

, \ 

cd for 44 hours, attrafled fo-nruch 
from the air, as tliofc ’did which 
had been more moderately burned; 
the difference is very confidcrable 
in alf the inffaiices. Would not a 


c 


greater 
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greater degre^e of neat have ftill fur- 
jther depriveef liri^e of its property of 
';utra« 5 lin|g matter from the air* an<J^ 

I j ' ' ^ ’ 

t thus have made it approach, nearer 

1 ' 

' to the nature of glaf^ I 

We have feen how greatly calca- 


reous'fubdances are diminiihiie4 


weight by being calcined,—do they 
receive any alteration of bulk dur*» 
ing that operation? Having pro pofe A 
thisqueftion to various limc-burnersj. 
in different parts of the kingdom,.. I' 

V r * 

found fonme were of opinion that t|ie 

Vi 5 ’ ' 

* A I 

chalk or done fwellec! a little, others 

' ' 

that it fhrunk a little: during cal^i- 
nation,, and a l:hird/fct thought t^at 
it underwent fort of alteration ; 

the mod, obvious inference from' 

* ({*• ' * 

thefe different accounts feemsto 6e, 

^ , , *' » ^ ft ' 

that calcareous fubdances do in this. 


particular differ frpm each other... 

P. 2. LtOOl6: 
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I took a piece of blackifti marble,* 
four inches in length, half an inch 

I 

broad, and one quarter of an inch 
thick, and having placed it in ^ 
proper veflel, and covered it with 
land, it was cxpoled to a very fierce 
fire for three hours j the marble 
thereby became perfe( 5 tly white and 
friable as calcined bones, but I 

k* m 

could not obferve that it had under- 

gone the leaft change in any of its 

1*1 ' ' 

dimcnfions. 

I cut a piece of chalk till it was 
an inch in length, half an inch in* 
breadth, and as much in tbicknefs; 

I f 

after it was calcined, its dimcnfions 
were not fenfibly altered. 

Ik ^ * 

A piece of rhomboidal fpar from 

Derbyfhire, apd a piece of white 

► 

marble, were fevcrally mcafured 

. before 




( y 

w 

before and after calcination, W 

< 

no djfFcrence could be obfcrved 
in tne dimenfions of cither of' 
ihcin, 

' 

Lthought the length of a piece of 

A 

Sienna marble, in one experiment, 

/ I 

was diminiihed . about one fiftieth 
part by calcination, but I was pro¬ 
bably miflaken ; for inanothet piece, 

j 

above two inches in length, I took, 
with a pair of oompafies, the dii- 
tancc between two points upon sts 
fuiTace before,calcination, andfoupd 
that aiftance precifcly the fatne af$cir 
calcination. 

A piece of Clitheroe limefto^e, 

» ' / < '1 V ' < • 

which had been calcined for four 

"V I 

^ V ^ i/ 

hours, appeared to be diminlfiied, in 
kngch one pan in twelve; another 
piece, which Had been calcined ten 
hours, was unaltered in length, and 

p 4 . thick.- 






w 

thickQe& i and fp was a piece wliich 
had been, calcined 24 hours. 

w 

I took a piece of chalk, which 
had been dried by the. fun and air,, 
and having ihaped it into a fquare,, 
each fide of which was four, inche?, 
the thicknefs being two inches, I 

put. if into a lime-kiln it was kept, 
there as long as chalk which is 
burned into lime ufually is; when^ 

t 

it camf out of the kiln,. I compared’ 
it with ihe^ ftandards of its feveral. 
dimenfions, which,Had' been, accur 
lately taken before calcination, and 
could not difeovertbat it had fufFer- 


% 

ed the lead< change eithcHT in length, 

breadth,, or . thicknefs. This expe-- 
riment was repeated with wet chalk,, 
but neither wa#.thi3 altered in its 


dimenfions by calcination. Laftjy,, 

' • 

1 took a fiat piece of chalk, about. 


one 


* 



( m y 

one fourth of an inch in tHicknefijl 
and calcined it "for 24 hours; the* 
Jbngth of this chalk was three inches, 
and it was diiminifhed by calcination 


one tenth of its*length. 




The reader is poffefled'of all! knovr 


• V 


from my own experi^nts upon the* 
fubjed; but I will ribVconceal front 
him the opinion of MV Baum^i who^ 
eftcems the diminution of the bulk 
of calc8«ous fubftanCes dtiring cal- 
cination,.a& one of their lil6ft di(fill* 
guifliing properties* He does nof^. 

indeed,: n^enrion any experihncni^. 
which he had Cxprefsly made, with|l- 
view of deciding the queftioft, but-i 
cannot fuff^ofe^ that fo able ^cheroiftf 
would fpeak from cohjedurc, wheh 

- I 

he alBrms, that calcareous fubftances, 
are. fomietijtne&^diniiniihed half theit 

bulk. 
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bulk during calcination ; and there¬ 
fore I fhould apprehend, that the 
calcareous fubftances, which he ufed, 
were diflferenc from any of thofe on 
which Tmade rny experiments* Be 

m 

this as it may, bis conclufion is, if at 
all, certainly npt generally to be ad- 
fitted. . ^, 

The experiments, by which the 
nature of afty particular fort of earth 
is chemically inveftigated, are prin¬ 
cipally of two kinds } one confifts in 
obferving its folubilicy or infolubility 
in different menftruums, the other in 


• 4 


noticing 


* Le feobhd phinomeiu: <^c la terre cal*- 
caire prefente apres fa calcination, eft fa di¬ 
minution de volume- U fetraite de ccs par- 

1 

tics, pendant kur calcination, eft quclt^ucfoia 
li gniJide, quklU va * ju{(ju*a !a moUt^ dc leur 
volume* Chyitu par M» V'tjl* !• p« 


< 
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noticing the changes produced iiy^ 
by the a£lion of various degrees of 
heat. We may form a general idea 
of the operation of fire upon calca-^ 
reous fubfiances,- from the experi¬ 
ments which have been before^ relate 


cdj I did not fpare citbef time or 
labour, nor was I fenfible of any want 
of care in making them ; yet I can¬ 


not help apprehending, that a nun^- 
rous repetition of fiini'Jar experiments 

n 

might lead to ibme general concha* 
fions,. which have efcaped my obfer-* 
varion. The following experimejjts 
can hardly fail of being acceptal^le 


to the reader, as they fend greafly 
Ito cofrpborate what already bef n 
inferred cctocerning the nature.of csl- 
carcous earths^ We have conclude, 
that twenty hundred weight, ora tO|i 


of any calcareous fubftanee, ^confifts 

of 



t.b 
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etween eisht and nine hundred' 

o 

weight offome matceror other, which 
is diillpated during calcination, and 
of between eleven and twelve hun¬ 
dred weight of earth, which cannot 
be diflipated in that degree of heat: 
now if it can be (hewn, by a way 
wholly different from that of calci* 

K 

\ 

nation, that ,a- ton of any calcareous 
body docs really cpnfift of about 

’ ■ ‘ ’ i 

twelve hurrdred weight of earth, and 
of about eight hundred weight of a 
volatile fobftance; we cannot enter- 

^ I 

tain any further doubt concerning 
the proportion of the conftituenc 
parts of calcareous fubilances* 

If the reader has not* been accuf* 

T > I 

tomed fo'ihe making of chemical 

. * 1 

expcrimm s, anq yet mould be de** 

» 

Brous (f afeeruining, from his own 
obiervation, the ;ruth of fuch as 1 am 

going: 
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going to mention, he may do It at a 
very cafy rate ; he need only procure 
'from'his apothecary, a few ounces ^ 
the acid df fea fait, and a Florence 
flafk, and he will be furnifhed with 
the main part of the apparatus, 

I took a Florence flifle, and pour¬ 
ed into it a fmall portion of the'acid 

of fea fait dtlured with water; the 

' , - ? 

'flafk and its contents were then weigh¬ 
ed in a pair of fcales,, which turned 
with a quarter of a grain; the weight 
was noted down. I then dropped 

V ' • ^ * 

into the acid, by a very little ^t a 
time, 20 grains of a calcareous Rib- 

j v‘ " ' ' ' 

fiance, and uoppirig gently tbe^top 
of the flips: with my finger, till, the 

whole, was diflfolved, the flafk was 

\ ^ 

•weighed again.' Now it is obvious, 
that if nothing had efcaped during 
the folution, the weight of the flafk 

and 
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and its contents, after the folution of 
the calcareous fubftancc, would have 
exceeded its weight before folution 
by 20 grains. There was, however, 
a very confiderable lofs of weight, in 
vail the fubftances which I tr?ed. If 


inftead of 20 grains, a ton, or 20 
. hundred weight of each fubftance, 
had beendilTolvcd, and no notice had 

been taken of any weight, lefs than ^. 
of pn hundred weight, the weight of 

V 1 

the earth, other matter remaining 
in the bottle after folution, would 


have been exprcjRed by the fccond 

^ *• I 

cdlumn of the following table, and 

1 

the weight of the matter loft during 
ibtution by the third. 


Namurc 
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C. q.lb. 

C. q,lb. 

Namurc black marble — 

^3 3 0 

610 

Clitheroe limeftone •— 

13 I 0 

630 

Chalk —— 

1230 

7 J 0 

Ketton ftonc -—- 

A 2 3 0^ 

7 I c 

Portland ftonc — 

12 I 0 

730 

Purbcck ftonc — 

12 1 0 

73c 

Mother of pearl — 

12 2 0 

7^0 

Dove nidrlilc — 

12 0 0 

800 

Blat'-veijicd marble 

12 0 0 

800 

Purpk-veined marble 

12 0 0 

800 

Statuary maible — 

12 p 0 

800 

Rhomboidal Ipar — 

12 0 0 

800 

Cl yft alliicd fpar * ♦ 

12 0 0 

800 

The 


* Six out of the thirteen fubftances here ejt- 
amined, loll 8 paits in zo during their folution, 
which is the very proportion alligned by Dr- 
Black, in his moll ingenious Ell'ay (Edin. EfiT- 
Vol. II, page 104), tor the lofs fultained by 
chalk; it will appear, however, from what fol¬ 
lows, that pure calcareous fubftances probably 
lofe 9 parts in 20 ©f their weight, by being dif- 
lolved in an acid- 

3 
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TheNamure black marble and the 
Clitheroc limeftone threw up an oily 
fcum during folmion, and left a large 
portion of black fedimcnt, which, 
probably was iron. The chalk had 
3 whitifh Tandy fedimcnt, the Ketton 
(tone a yellowifh one, Portland, and 
Parbeck (lone a white one, which 
looked like particles of fand, and was 
gritty between the teeth t mother of 
pearl left fcveral foft infoluble flakes 
floatings the top of the acid : the 
other bodies cither gave no fedi- 


TTients, or very minute ones. 

When 1 firft began making thefe 
experiments, I was accuftomed to 
weigh the ‘fla'ik as foon as the folu- 

r 

tion was ended, and this led me into 
an error in eftimating the quantity 

'•loft during folution^; for, upon fur- 
thcr trial, I always found, that the 

« weight. 



( 241 ) 


weight of the flafk and its contents, 
taken, as accurately as pofllble, as 
foon as the foliition was finilhed, was 
diminifhed very fenfibly in the fpacc 
of three or four hours* 1 was at firft 


inclined to attribute this diminution 


to the evaporation of a part of the 
fluid ; but the true caufe is this,,thc 


weight of the air remaining in the 
flafk after folution, is greater than 
the weight of an equal bulk of at- 
mofpherical air* This is cafily prov¬ 


ed, cithejj by liieking through a pipe 
the air contained in the flafk, pr 
blowing it out with a pair of bellows, 
lb that the flafk may be filled wkh 
common, air; for the flafk will then 
be found to weigh lefs than it cW 


before. Sucking out the air is fa 

* \ 

troublefome 

lias a difagreeablc tafte in the mouthy 

*■ .4 


VOL. n. 
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and if fuffered to pafs into the lungs, 
might be noxious. This difagree- 
ablc tafte is not to be attributed to 
any fubtle particles of the acid, which 
may be fuppofed to float in the in- 
fide of the flafk, but to the air con¬ 
tained in it; for after the air has 
been thoroughly exhaufted, fo that 
the flafk becomes full of only com- 

m 

mon air, no further tafte is perceived. 

I took a Florence flafk, which 

i 

would hold 26 ounces troy of water; 
into this flafk I poured a t^o-ounce 
meafurc of the acid of fca fait, and 
diflblved flowly in the acid a quan¬ 
tity of the pureft calcareous fpar, 
the bottle was weighed as foon as the 
folucion was ended: I then permitted 
it to ftand quiet for two hours, and 
at the expiration of time, I blew 
into it with a pair of bellows, till 

4 • the 
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the air became taftelefs; the bottle 
was then weighed, and it had loft 7 
grains. The weight of common air 
filling a flafK, holding 24 ounces of 
water, is about 14 grains ; the weight 

of the fame quantity of the kind of 
air which filled the flaftc, immediately 
after the folution of the calcareous 
I'ubftance, was 7 grains more, or 21 
grains ; hence the weight of common 
air, is to that of the air which filled 
the flafk after folution, as 14 to 21, 
or as I to* 4 -. I do not offer this 
conclufion to the reader as an accu¬ 
rate one, but it is probably not far 
from the truth, 

/ 

The circuluftanee of the weight of 
the flafk being greater, immediatdy 
after the folution was finifhed, th^n 
it would have been if filled only with 
common air, was not negleifted in 

QL z making 
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making the experiments mentioned 
in the table; it was not, however, 
attended to with fuch a fcrupulous 
exadlnefs, as it ought to have been : 
I made therefore the four following 
experiments with the grcatefl care. 
The feveral folutions were flowly 
made, to prevent any lofs of the 
acid, and the fialk was not weighed 
till 20 hours after the folution was 
finilhed; in which time the air in it 

had become taftelefs ; nor did the 
jfiaik and it^ contents fuffer any fur¬ 
ther dirrynution of weight, by a 
longer expofurc to the air, 

1 20 gr. of white marble loft by^olut. 5 3 r gr. 
120 gr. of cryftal. fparloft by folut, 54 — 

120 gr. of rhomb, fpar loft by folut. 54 — 
120 gr. of Matlock petrefaftion — 54 — 

The lofs of weight fuftained by 
the marble during folution is fo 

nearly 
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Ik 

nearly the fame with that of the 
other three bodies, that its difference 
may probably be referred to fome 
unavoidable inaccuracy in making 
the experiment; if this be admitted^ 
we may reafonably conclude that 
equal weights of pure calcareous fub- 
flances, contain equal quantities of 
a volatile matter, which is dilperled 
during folurion, and that this vola¬ 
tile matter amounts to 54 parts in 
i2o> or nine hundred weight in a tqn, 
the earth amounting to ii c. 

Since calcareous fubftances. Idfc 

' V 

nearly equal portions of their weigbft, 
whether they are calcined in the 
or diffolved in adds,, it may be pr^- 
fumed that the matter which is loft 
is of the fame nature in both cafes j 
this matter is a fpecies of air* The. 
reader may eafily convince himlelf of 

<L3 
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this by faftening a flaccid bladder 
over the month of a Florence flafk, 
or other veifc), in which any calca- 
careous fubflance is in the adl of folu- 
tion, for the bladder v;ill prefentfy 

be blown up, by the matter which 

1 

iflbes throiisfh the neck of the flafk; 
and. if the neck of the inflated blad¬ 
der be tied, and the bladder be in 
that Hate removed from the flaflt, it 
will not become flaccid again, but 

1 

remain blown up, which is a fuffi- 
cient .proof that it is filled with a 
fpecies of air. Idie air thus feparated 
from calcareous fubflanccs. is very 
difterent from common air, in many 
particulars. Vve have before feen, 
that the weight of a given bi|Jk of 
this air, is as much greater than tlic 
weight of the fame bulk of common 
air> as 2?i is greater than 14, or as 3 

I 

than 
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than a.—^The air, it has alfo bccii 
remarked, has a fingular tafte, and 
common air has no tafte.—This air 

i 

extinguiflies flame and animal life, 
and common air fupports both.-— 
This air by being lhaken in cohtafl: 
v/ixh water, or otherwif^mix^d with 
?r, impregnates the water 'with an 
acidulous tafre, but common air pro¬ 
duces nofuch effect on water.—This 
air is as much a conflitucnc part of 
the atmofphere as common am' is, 
for a ton of lime will aEtra( 5 k hilf a 
ton of this air from the atmofphere. 
I’i'iC particles of matter conflkiiting 
light, are fuppofed to be of diflefent 
magnitudes : are the particles ofniat- • 

4 

ter whirls conHituco atmofphcifcal 

air of different magnitudes ?--—lSo?s 

the fmcll of a room newly pjaffdred, 

♦ 

proceed from particles of matier 

• Qjj. emitted 
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emitted by the pi after, or from the ah' 
of the room having undergone a de- 
compofition, in confequence of the 
lime having abforbed one of its com¬ 
ponent parts ? 

When any calcareous earth has 
been dinblved in an acid, it has loft 
its air, and is much diminiihed in 
weight; it has undergone as great a 
decompofition, as if it had been cal¬ 
cined. Calcined calcareous earth or 
lime, may be reftored to the ftate of 

AH 

crude calcareous earth or limeftone, 
by cxpoflire to the airj in confe¬ 
quence of fuch an expofure, it, in a 
greater or lefs fpace of time, attracts 
from the air a part at leaft of the 
principle which it had loft during 
calcination; but when a calcareous 

earth has been dilTolved in an acid, 

« 

and is thereby deprived of its air, it 
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may be wholly reftorcd to the ftatc 
of a crude limeftone, by lb almofli 
inftantaneous procefsJ Suppofc 20 
pennyweights of marble to have been 
diflblved in a proper quantity of the 
acid of fea fair, then will thefe 20 
pennyweights have loft nine parts of 
their weight; the earth remaining in ^ 

t 

the acid will only weigh 11 penny¬ 
weights. Salt of tartar, pot afh, and 
other fixed alkalies contain, in thfir 

I 

crude ftate, a great portion of fitted 

airy of the fame nature with that 

>1 

which conftitu^es nine parts in 20 of 
the fubftance of marble, and other 
calcareous bodies* The acid of lea 
i'ait, and all other acids, have a 
ftronger tendency to unite themfellJ^cs 
with the earthy part (if the exprcflion 
may be admitted) of fixed alkalies^ 
than to continue united with the 

• earthy 
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earthy part of marble, or any other 
calcareoi^ body. If then into the 
acid, in which 20 pennyweights of 
marble have been difTolved, and 
which really confifts of the acid 

united witli 11 pennyweights of 
earth, we pour a folucion of fait of 
rart^ir, or poc-afh, the acid will quit 
the earth of the marble,, and unite 

kfelf with one of the conftitiient 

< 

parts of the alkali ^ the earth of the 
marble is by this means fet at liber¬ 
ty, and one of the conftituent parts 
of the alkali is alfo fet at liberty, 
namely, its fixed air ; thefe two will 
unite together, and by their union, 
they will form an earth of the fame 
nature as crude limeftpne, the weight 
of which is found to be equal to the 

original weight of the marble, or io 

» *'1 

pennyweights. 


From 
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I 

From the various experiments^ 
which have been here ^^aithfully 
related, without any previous at-* 
tachment to fyftem, it fcems as if 
we might conclude, that pure cal¬ 
careous fubftances are compofcd of 
9 parts in 20 of a volatile fubftancc. 


N 

which is difperfed, not only during 
the calcination, but during the fo- 
lution of the fubftances in an acid,> 
and of 11 parts in 20 of an cartli 
which is '^generally known under the 
name of lime. Several authors, of 
diftinguiihed reputation in Chemi&ry 
have thought, tliat wafer was/,aa 

eirential conftituent part of catca- 

\ 

rcous fubftances, and from particular 
inftances they have endeavoure<| to 
afccrtain its quantity in general.- 

t 

The experiments which I have made 
do not tend to eftabliih this*opinion.. 
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—Into a new glafs retort I put two 
ounces of cryftalized fpar, and hav¬ 
ing Htted a clean receiver of flint 
glais to it^ I expofed it at flrfl; to a 
gentle fire, which was encrcafed, by 
degrees, till it became ftrong enough 
to melt the retort; during the whole 
of the operation I did not obferve 
that, any water was feparated from 
the fpar, the tranfparency of the re¬ 
ceiver was not fb much as tarnifhed 
by a vapour. From this experiment 
I would conclude, that this fpecies 
of calcareous earth does not contain 
any water which is feparable from 
it in a degree of heat fufficient to 
melt glafs. I took an earthen re¬ 
tort, and put into it fix ounces ofi 
cryftallized fpar, and expofed the 
retort to a very ftrong fire till the 
ipar had loft one third of its weight, 

-I 

there 
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f 

there was not a drop of water found 
in the receiver. The retort, when 
taken out of the fire, appeared to fac ‘ 
cracked, fo that this experinaent 
is not quite fo convincing as the 
preceding, though, perhaps, fuffi- 
ciently fo to make us doubt con¬ 
cerning the exiftence of water as a 
component part of this kind or fpar, 
—I took 720 grains of Dejbyfhirc 
watricle, which is the fubftance df 
which the ornamental columns (een 
on chimney pieces are generally form- 

I 

ed and diftilled them with a violent 
fire in an earthen retort, till they 
were reduced to 400 grains (that is, 

I 

till they gave after the rate of 1.1 c. 
oq, 12 lb. of lime from a ton of the 
watricle), but I did not find any 
fcnfible portion of water in the're¬ 
ceiver 5 it was indeed clouded with a 

vapour. 
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vapour, but this vapour I think 
itrofe fronctethe dampncfs of the re- 

V 

tort, or of the fubftance ufed in 


fattening the receiver to the retort, 
or from fomerhing or other uncon- 


ac&ed with the watriclc* 


ESSAY 



i 


ESSAY VIL 


OF CLAY, MARLE, AND GYPSEOUS 
ALABASTER, OR PLASTER-STONE. 


A Rgilliceous earth, or clay, onpy 
be diftinguilhed from evtiy 
ocher fort of earth, by its tenacity 
when wetted with water, and biy |its 
growing hard when expofcd to me 

lire. We may levigate fand, ch^k, 

_ ^ 

or plaitcr-ftone in||> very fine pow« 
der, but thefe powders when knead-, 
ed with water, will not form ’a tci^-»* 

. ciouE 
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cious ductile mafs, capable of being 

moulded and turned at the pottery 
wheel, or of being hardened in the 
fire like clay. Even clay itfelf lofes 
its tenacity by being baked in a 
gentle fire: a potter or a pipe-maker 
will in vain attempt to fubftitute the 
powder of pot (herds, or of broken 
pipfcs, in the place of clay; thcfe 

I 

powders may be ferviceahle on fome 
occafions, when mixed with clay, 
but they cannot, on any, fuperccde 
its ufe^. 

The whited: clays are eftcemcd the 
purcft, but even thefe, bcfide other 
impurities, generally contain a very 

con- 

* In the Mem, de I’Acad. dcs Scien, dc 
Prufie, I749» there are fome experiments 
tending to prove, lhat%he tenacity of clay is 
i>wing to fome' indammable matter which is 
mixed with it, and. which is cafily confumed 
inthenre. 
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confiderable pottiotj of fine fand, 1 

/ 

took i6 ounces of the fintfl pipfe 
clay from DorfetKhire, and by re¬ 
peatedly j^afliing it in large quan* 
cities, of water, and pouring dfF the 
turbid water, I collefted a fandy fe- 
diment, amounting, when well dried, 
to three ounces. I have no doubt that 
this clay contained a much* greater 
proportion of fand, than what I had 
been able to colle(ft; for the white 

f 

particles whiph had been furpended 
in the water, certainly confifted in 
part of a fand of a finer grain, t^an 
what had fettled to the bottom,, for 
they were very fenfibly gritty (be* 
iwcen the teeth. It may eafiljl be 
conceived, that in walking clays^j the 
fineft part of tho fand contained in 
them will repiab fufpended in the 
water, and that on this account, the 
VOL. n. * R fedi- 
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I 

fedirjient colleftej at th/ bottom of 

\ 

the vcfTcl, in which the operation is 
performed, will not give the true 
proportion of the fand which enters 
into ilieir coonpofuion. rn confirm¬ 
ation of this idea, we haye been 
infiru^ted by the experiments of a 
very.jabie chemilV, to confider fine 
white clays, as confiding of about 3 
parts in 8 of true argillaceous earth, 
and of about 5 parts in 8 of fand, or 
earth, rcfembling powdered flints^. 
All forts of earthen wares, from 
the coarfefi: pots to the finefi: pieces 
of either Afiacic or European por- 
celane, confifi: cither wholly or prin¬ 
cipally 


M. Marggraf’s Opuf. Chy, Vol. II. 
p, 171.—Is it pofliblc, by any artificial ur na¬ 
tural '-ornminution of its parts, to reduce tl'.e 
£i;.d fou id ift clay into a true argillaceous earth ? 
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cipally of clay. Ttiere are a great 
many forts of clay, which differ frorff 
each other in colour, in tenacity, in 
the degree of contra6tioa which they 
fuffer in being burned, in their power 
of refilling the action of fire without 
being melted, and in many other 

n 

properties ; and hence we heed be 
at no pains to prove, that the proper¬ 
ties of earthen wares muff be very 
various, according to the properties 
of the clays from which they are 
formed ; and this variety becomes 
ffill greater, when we take into con- 
fidcration the ingredients which arc 
piirpofcly mixed with the natural 

If 

clays* I 

The fiint or white-ftone ware is 
made in Staffbrdlhire, and other 

t 

places, in thep following manner.— 

Tobacco-pipe clay, which tSey ha"/c 

R 2 frona 


V 
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froro Dorfttfbire,is beat much in wa^ 

M- 

tjtr i by this procefs the finer parts of 
the clay remain fufpended in the 
water^ whilst the coarf^r fand and 
other impurities fall to the bottom, 
vThe thick liquid, confifting of water 
and the finer parts of the day, is 
ibrther purified by being pafled 
through hair and lawn fieves of dif¬ 
ferent degrees of finenefs : the clay 
is then fufficiently prepared* to be 
mUed with powdered flint, the other 
ingredient in the (tone ware» They 
ufe annually in St^^ffordlhire about 
5000 tons of dint, which they have 
from Hull. They have a tradition 
concerning the firft introduction of 
flint into their potteries, which is 
, briefly this r-A Suffordfliire potter, 
about 80 years agOj^ in travelling to 
London^ met at an inn upon the 

road 



( ) 


i V 

V ,' 


road with an oftler, Vv’ho undertook 


iitL 1 ^ 


to cure a diforder in his horfe’s eye. 
The oilier took a flint iftohe, and 
having calcined it for a fufflcicnc 
length of time in a hot fire, it be- 
came very white ; he pounded it 
into a fine powder, and blew fomc 

r ^ . I 

of it into the eye of the animan: the 
potter took the hint, conceiving that 
as flints could be calcined and 
pounded into a fine white powder, 
they might be ufed in conji|n<flioa 
with clay, to make a white^ ware 

''li 

than rho clay would do' alone,; f ie 
amalTed large ’ quantities of|fliht.^, 
burned and pounded them ihtfecrct, 
and found the event anfwcr^le to 


r> 


his exped:ation. The difeovety foon 

I M 

became general, and many lives wero 
loft from the powder of the flint 
being inhaled by the men employed 


^ 3 


in 
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ip pounding it: horfes were after- 

I 

wards ufcd for the fame purpofe, 
and for fome time paft they have 
been accudomed to grind their 
Bint If the Bints arc pounded, 
^ or ground by indruments of iron, 
the powder is not fo good as it ought 
to bt*y,for the particles of the. metal, 
which are abraded during the Opera¬ 
tion, being mixed with the powder, 

* 14 

give the ware when burned, a bad 
colour. 

s 

They formerly were accudomed 
to grind their flints with Moorfioney 
or Granite ; but of late years a large 
bed of Chert (a fpccies of flint) has 

been 

f 

> 

* I fufpcfk the date afGgned by this tradi- 
Iffon to the potter’s difeovery, for the grinding 
of Biots is incidentally xnehtipned as praflifed 
at Brnfely in the year 1(597.—Phil. Tranf, 
Ko. aaS 
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been difcovered near Bakmcli in 
pcrhyjhb <?> and the Stafford (hire aifld 
Yorkflure potters prefer it to Mooti-. 
ffone for grinding their flints: it is 
very hard, and being icfelf of the 
nature of flint, the parts of it 'wjduh 
are worn off and mixed with the 


flints in grinding, do not vijiate the 
quality of the flint powder. It h 
fold at the quarries for 8s. a ton> of 
which the DukSpf Rutland, as lord 
of the foil, has 5s. and thq work¬ 
men the other 3s. for railing |t. Jt is 
reckoned that rfiey annual^ raiie 
between four and five hundrld^tons^ 
befides the fmaller pieces, wMch are. 
thrown by as refqfe ; butjj, which 
might be calcined upon tfe fpot 
inftead of flinty and luring 

there, might anfwer puig^ofe of 
ground flint f^.chpugh as* coals ate 

■V 

• R 4 com* 
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Comparatively dear at Bakev>ell, and 
a&thece is no n,;^:v igation from thence 
into Stafiordfhire, I am not certain 
w^;^efhc^ tlie ground Cb^t could be 
afforded to the, potters an cafier 
rate, than they can prepare their 

1 

ftipt*. However, CbM is very com- 

- 

roonly to be met with .in other parts 
well as at BakcwelJ,, though not, 
perhaps, in fuch large -quantities, 

- and therefore the ;ij||iht of ufing cal- 

'««' ’ 

dned Cherr^ as a fubfticute for cal- 

I '' il 1 sif * " ^ t ‘ 

cincd Jiint, may be of fcr.vice to 
thofe who #e better fituated with 


.refpf^t, Ip fuel and water carriage, 

than tliey are at B^tfeweJIv 

W4cn, die ^liints h^YCr been pro- 

r 

perly calcined aiod-ground, they are 

lifted' in water till the water is, as 

near as may, be, of ^he fttne thick- 

neCs# that in^ wfhioh^^ clay is fuf- 

1 pended; 
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pended} then the Itt^uW-l^cfay ^ha 
flints are mixed togciher in varibuC^' 

* ' I ' 

proportions, for various wafes, and ' 
left to fet; the mixture is then dried ' 


'u' T* 




in a kiln, and being afterwards ^ 
beaten to a propei^ temper, it be- 

f* 

comes fit for being formed at thei 

I 

wheel, into dilhcs, plates, bowJsyStfc. 
When this ware is to be put into 
the furnace to be baked, the feveral 
pieces of it are'placed in cafes, nfia4e 
of clay, called whichC are 

piled upon One another, in the dpW 

s ^ 

of the furnace j a fire is tfl^n li 
and when the ware is 
a proper temper, which happens rh 
about 48 hours, Itis glaaed 
mon fait* The fait is thrown finto 

.r 

tlie furnace (through holes! W the 
upper part of it), by the Hc^c 6f 
which it is ifltofttly cbnvertH intb 

a thick 




A ' 



I 
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■ I ^ ' • • • 

a thick vapour, • which circulating 
through 'the furnace, enters every 
Scgg^r through holes made in its 
fide (the top being covered, to pre¬ 
vent the fait from falling upon the 
ware), and attaching hfelfto the fur- 
fece'of the ware, it forms that vi¬ 
treous coat upon the furfacc which 
is called glaze. 

This very curious method of glaz¬ 
ing earthen ware, by the vapour of 
common fait, was introduced into 
England from Holland, at Icaft it 
was introdl^ced from thence into 

V 

StafFordfhire, about 8o years ago, by 
two Dutchmen. - An old man in- 
formed the perfon from whom I had 
the account, that be remembered, 
when he ,was a boy, running with 
others to help Ato extinguifii what 
from the fmoke * fee apprehended 



I 
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to be a fire' in the pottery where 
the Dutchmen were working, but 
that their entrance was oppofed by 
the proprietors of the pottery, who 
were unwillinc: that the caufe of the, 

w 

fmokf, which was the common fait 
they were ullng in glazing their ware, 
ihould be generally known. 


The Yellow or ^lueetCs ware, is 

\ 

made of tlie fame materials as the 
Jiijit ware, but the proportion, in 
v/hich the materials arc mixed, is not 
tlie fame, nor is the ware glazed in 
the fame way. The llintware is ge- 
ncTally made of 4 meafures of liquid 
fiinr, and of 18 of liquid clay ; ]' the 
yellow ware has a greater propoij^ion 

' ^ ‘i 

of clay in it 5 in fome inanufadoHes 
they mix 20, and in others 24 mca- 
fures of clay with 4 of flint. .Thefe 
proportions, if* eftitnated by the 

, weight 
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weight of the tiiacerials, would pro¬ 
bably give for the flint ware, about 
3' hundred weight of clay to i hun¬ 
dred weight of flint,'and for the yel¬ 
low ware fomewhat more clay. The 
proportion, however, for both forts 
of ware, depends ivery much upon 
the nature of the clay, which is very 
variable even in the fame pit: hence 
they cannot be certain of the exad 
claantity of flint, which they ought 
tomix^with the clay, till jriiey have 
fome tiial of the quality of the 
cht by btlifeing a kiln of the ware. 
If there i$ too much fliiit mixed with 


the clay^ the ware, when expofed to 
the air afeer^otning, is apt to crack; 
rihd if therie^ is too little, the ware 


7 ^ 

i^ill not receive this proper glaze 
from the “ clrcufhtibn of the fait va- 


pour. 


This glaze; eVch when it is 

^ moft 
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inoft perfcdt, is in appearance left 
beautiful than the glaze bn the 
low ware. This yellow glaze i3 
made by mixings together in water, 
till it becomes as thick cream, i iz 

pounds of white lead, 24 pounds of 
ground flint, and 6 pounds of ground 

flint glafs* Some manufa^flurer^Jcave 
out the glafs, and nui^t only 
pounds of white lead with 20 pounds 
of ground flint, and others doubtl^ 
obferve different rules, of whicli |t is 
very difficult to obtain an acej^unt; 
The ware, before it iiif^gla^dd» la 

• r ^ 

baked in the fire, by this meins k 

j"fv; 

acquires a property of ftrongI| Jin- 
bibing (we :|)^^ceive feme*- 

thing of this in the forcb with which 
a new pipe flicks to the lips, though 
the pipe has receiye^4.a kind ofiglazc 
by being rubbed lyith bees wax after 

being 

j 
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being baked}^ it is therefore dipped 
in the liquid glaze and fuddenly 
taken our, the glaze is imbibed into 
its pores, and the ware prcfently be¬ 
comes dry: it is then expofed a fe- 
cond time to the fire, by which 
means the glaze, which it had im- 
bibedj^is melted, and a thin glafiy 
coat is formed upon its furface : the 
colour of this coat is more or lefs 
yellow, according as a greater or Icfs 
proportion of lead has been ufed. 
The lead is principally inftrumental 
in producing the glaze, as well as in 
giving it the yellow colour; for lead, 
of all the fubftanccs hitherto known, 
has the greateft power of promoting 
the vitrification of the fubftances 

I 

with which it is mixed. The flint 


ferves'to give a confiflency to the 



k 


tion. 
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tion, and to hinder it fronn becoming 
too fluid, and running down the fidcs 

‘ ' ^ i 

of the ware, and thereby leaving then^ 

unglazed* The yellowii[h colour, 

which lead gives when vitrifled with 

flints, may be wholly changed by very 

fmall additions of other mineral fub* 

* 

f 

I ' r 

ifances j thus, to give one inftance, 
the beautiful Mack glaze^ v^hTch is 

fixed on one fort of the ware made 

* > 

at Nottingham^ is compofed of zi 

parts by weight of white lead, 6f 

' ^ ' 

5 of powdered flints, and of 3 oPan 

< ' r * 1 

earthy, or metallic mteral called 

k I A * I , 

I^nganejc, 

'k » 

The powder into which canned 
flints are ground, is whiter than 
mon fand, and of a finer grain iiand 
hence it conftitutes,' when, ^x,ed 
with clay, a fpccies of earthen ^are, 
fuperior to that in which fand* is ufed 

as 
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/ 

as at) ingredient; the roarfb ftcfie 
ware made at Briflol, is cotnpofed of 
vtobacco-pipe clay and fand, and is 
glazed by the vapour of fait, like 
the SrafFoidfliire flint ware, but it is 
far inferior, to it in beauty. As our 
flint ware is fupe-rior to the ftone ware 
here mentioned, becaufe it is made of 
materials, which, though of the fame 
kind, are of a finer quality, than 
'tbofe which enter into the cotnpofi- 
.tion of done,Ware; fo'is it inferior 

^ ' Vi 

tp/all the forts of porcelane in white • 

'r A 

L 

nefs and tranfparcncy} becaufe pow¬ 
dered flints apd tobacco-pipe claf, 
are neither ofthem^o white and pure 

9 f * 

.as the ,clayj^.'3and. flints of which all 

porcclancs arc made. According to 

* « 

this notion, th^^ only diflFcrence be- 
, Iwocn porceianes and many forts of 
earthen ware, coiififts>m the ftnenefs 
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\ 

and proportion of the ingredients:? 
and thefc caufes joined to the differ¬ 
ent degrees of heat employed in bak¬ 
ing dLiferent porcclanes, are abun¬ 
dantly fufficienc to account for all 
the varieties obfervable in the grain, 
colour, hardnefs, and tranfparency, 
of different forts of china. 


Wc arc told that the component 

parts of oriental porcelane, arc (i) 

\ 

a uitrejeent ftony fubftrance, reduced 
to an impalpable powder, 

An 

duced to aft impalpable|k)wdee^alio, 

K,aoIin, Thefe are thoroughly n^xed, 

the latter in as Ihiall proport^it as 

pofliblc, and then modldedf and 

baked. (3) A varnifli' coni|)olcd 

of the fintft panicles of l 

earth, dilTolved in water td i^c 

■ 

confiflcnce of a cream, in’^^ich, 

j 

S when 


VOL, ir. • 
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when dry, the pieces are dipped be¬ 
fore they are baked The Chinefe 

differs from powdered flints, 
ip being fufible in a ftrong degree 
of heat, whereas flints are not fufible 
in a fire fuificient for the baking of 
porcclane, unlefs they are mixed with 
feme heterogeneous matter ; and this 
property of the Fetunfe probably 
gives to china, a degree of tranfpa- 
rency not obfervajble in our flint ware; 

< fox the vitrifiablcPe/i^;^, when mixed 
with the unvitrifiablc clay, may com¬ 
municate ar degree of vitrioufnefs 
^to the compound* 

The mootftonc or granite found in 
Cornist&ll h thought to refembl^ the 
' Chinefc Petmjei wnd the Soap-rock, 
’^irhich ia. plcntiluHy met with at the 

tland^s is efteemed a fpecies of 

Kaolin, 

Cuiapbeirs Suer, ef Brit/ Vol» II* p. i8. 
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Kjclifti and is much fought aft^r by 
the inakers of porcclanc. Thc'Jranite 
is looked upon by minctalogifts tsa 
vitrifiable ftonc \ at leafti as to the 
greatefl: part of it^‘; and there may, 
piobably, be difeovered other ftoncs 
which pofTefs the fame property. 
‘The lead mines in Derbyfhire abound 
in two kinds of fpar, whicii arc very 
different from each other in figure 
(where the figure is difceniible)^ in 
weight, and in the change which 
they undergo from the adion of fire. 

The figure of one of the kipds of 
fpar is that of a kzenge or iAomh i 
the figure of. the other is t lyit of a 
die or cube ; a cubic foot of th|; rhm- 

$ 2 bnidtkl 

— ExpofJS au feu, »l vitrifie, a 
exception du mUa, et du lotiffrent 

ia pficme violence* du feu (ans cn 6trc alt6rc.--i« 
Miner, par M, Vah ^^Boraare, Vol. 1, p. 
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holial fpar weighs 2700 ounces; a 
CubiCTOot of the cubical foar weighs 


eubicToot of the cubical fpar weighs 
3219 ounces ; rbomboidal fpar, in 
being Calcined in a ftrong fire, lofcs 
near parts in 40 of its weight, 
and is changed into quicklime; the 


cubical fpar in the fame degree of 
heat loies about i part in 40 of its 
weight, and is not converted into 


quicklime: the cubical fpar may be 
melted in a degree of heat, in which 
- the rhomboidal fpar remains unmelt- 
ed; and from this property, the cu¬ 
bical fpar might, probably, be ufed 
with advantage by the porcclanc ma- 

' nufaflurers. Some mines, as thofe 

« 

near Critch in I)erbyjhire^ yield no 
/ 'kind of fpar but the cubical; whilfl: 
others yield only the rhomboidal; 
and fome yield both : I have feen a 
narrow, crack in a iimeftone rock, 

coated 
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coated on one fide with the cubical, 
and on the other with the rhoni«' 
boidal fpar. 

.. i 

Having fallen into the mention of ^ 
fpars, it may juft: be obferved, that 
Blue-Johfty which has, of late years^ 

< I 

been fabricated into vafes, and other 


ornamental figures, is of the fame 
quality as the cubical fpar, with re- 
fpe< 5 l: to its fufibility in the fire; it 
lofes, moreover, its colour, and be- 
comes white in a moderate heit: the 


weight of a cubic foot of th^ blueft 
kind is ‘^i8o ounces, and that of a 

i f 

cubic foot of the lead blue Is 

ounces. This fubftance v^as .firA 

* , ^ 

difeovered (or more propcrljl fpca'c* 
ing, it firft: began to be applied to 
feme life), about years ago,one 
cf the oldeft: lead mines.in 


||V 


called the Odin mint (probsbly ftom 

s j • its 
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its beingdedicatcd to Ot//», the great 
God of the northern ftatioHs),.at the 
foot of a high mountain called 
TW near Caftleton* Spars tindured* 
viih the amitbyft colour have been* 

t I 

difeovered in other mines; there is 
'*1 ^ 

great plenty, of what they call the 
tl^coiate coloured fpar, in a mine at 
Critch (a 'few miles from MntkcK)^,, 
’vyherc 1 faw the laft year,, a piece of 

• r ‘ 

v\hi:h had flood long in the 
wat^r of that mine, tinged with 
deep purple colour; but the greaceft 
.quantity of Blue^John is dill raifed 
at C^Jiletom the larged pieces are 

i ■* 

fold for 9 pounds a ton, the middle- 
fizcd for 6 pounds, and the lead for 
(hillings.—But to returni to the 
cohfidcration pf^orcelane. 

p “ 

\ A \ ft 

Several European nations, in par-^ 
ticuiar the,. Gervimts^ the EngUJby the 

„ French, 
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Fr^ch; and the Italiansy havt^ ' 
the beginning of the preftht centurj^ ^ 
applied themfelvcs with great in- 
duftry and ingenuity/ to the making ’ 
of porcelane, and they havd all Of 

them arrived at great pcrfedioti in “ 
the aft; though hone of • the Eurtn ’ 
pean porcelanes, unlefs, perhaps, 
except the Drejden, can yet be faid to 

f 

equal, both in ftrength and beauty, 
the porcclanes which arc im^rted 
from China and Japan, ThefDrcf*,. 
den and the Genuan poredaijes, in 
general, are as unvitrihable the 


Afiaticj while moft of the pthers 

w ^ ^ 

which arc made in Europe, t 4 ay tic 
vitriEed by a longer eomlnuailoo of 
the heat, in which they are baked* 
The bcit% or the not being eohverci-. 
ble into glafs in a ftrong fire/ls one 
of the principal criteria's by which 


9-4 
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connoifiTeurs jutJge of the goodncfs of 
porcelane, that being efteeincd the 
beft which is the leaft fufible. Porce- 
lane being fcldom expofed to a degree 
of heat, greater than- chat of boiling 

water, it feems to be an odd method 
of judging of its worth, by inquiring 
whethpr it is capable of fuftaining, 
unaltered in its form, a degree of 
heat fufficicnt to convert naany other 
fubftances into glais j but probably 
that fort of it is the moft hard, and 
tough, and beft capable of bearing 
the ftiddcn tranfitions from heat to 


cold, which is baked with the 


ftrongeft heat; and, if this be true, 

tnen there is a good reafon for 

1 

eftceming that china to be the beft, 
which is the moft unfufible, inaf- 


much as it has, probably, under- 

« 

gone a ftronger ftre in beinff bak#d 




than 


4 



( ) 

than the more fufible kinds co^l«| 
fupportv ; 

■( 

There is Ibme reafon for thinking^' 
that the ftrength of poreelane has 
fome dependence on its weight,' for 
the more clofely its parts are com¬ 
pared together, the nnore forcibly, 
other circumftances being the fame, 
will they refift the impulfe of a ftroke, 
tending to difunite them. I have 

eflimaccd the relative weights ofimqft 

I 

of our Englifh porcclanes; but I 
forbear mentioning particulars,: as I 
Hiould be forfy to fay any Miing 
which inight have the moft d|ftkht' 
tendency to injure any individual; ■ 
elpecially as the great price of l|bcmr 
in this country, and, indeed, in all 
parts of Europe, compared with its 
price ki Afia, muft ever render the 
engaging in a porcelane naanvifarorjr 4 

a ha« 
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^ hazardous undertaking whilfl the 
importation of Afiatic porcelane is 
allowed* The beft mode of en- 
couragrng the European manufacto¬ 
ries of porcelane^ would be the impo^ 
litioft of a heavy duty on that which 
h brought from AHa. It is, I be¬ 
lieve; generally acknowledged, that 

% 

the yellow ware is far more brit¬ 
tle than the fiint ware; the rela¬ 
tive weights of a cubic foot of thefe 
wares and of Eaft India china, were 


j 


Eaft In 4 ia chixja - 2346“! 

Flint ware - - 2iS8 >punctsavoir» 

' • I ' 

yellow ware - 

Now fuppofing a ate of the com^ 

I 

mbri ydlow or Queen'S ware (for 
there are very different forts of it) 
lo weigh 12 ounces} then will » 
plate q{ the Eiat ware of c^Ctly the 

fame 
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f 

feme fize and thkknefe weigh 
ounces s and an eqpal plate of china 

I 

will weigh 14^ ounces;.and hence; 
we need, not wonder, at the great* 
fragility of the common'yellow ware,, 
when compared cither with china or^ 
flint ware. The coarfe Brifrol flJbne- 
ware has nearly the feme weight a« 
china, a- cubic foot of it weighing 
2340 ounces. . , 

V 

The precife meaning of the tetip. 
marie is not yet frilly fixed ; is 
moft- generally ufrd to denote Jan 
earthy or ftony fubftance, conflft* 
ing principally of clay cateare^s^^ 
earth,, and failing into powder |by:; 
expofure to the air* There are fe^e^ 
ral folid frrata of Hones, fuch as t 3 ic 
Derby (hi re jhalt ^XidSoadfiom^ which: 
moulder into powder by expofutC' 
the air, and yet they are noi eifeemexi. 

marks^. 



( 284 ) 

marics, becaufe they do not contain 
any calcareous earth 5 there are alfo 
limeftones which contain portions of 
clay, and clays which contain por¬ 
tions of limeftone, but which not 
falling into powder by the influence 
of the air, are not clalTed amongu 

the marlcs : and hence thefe two 

* % • * 
properties, of containing calcareous 

earth, and of falling into powder 

when expofed to the air, may be 

efteemed charafteriftic of marks; 

and they are, perhaps, the charac- 

teriflics which are moft to be relied 

on, for as to colour and confiftency, 
marles cannot by them alone be 
diftinguilhed from fcvcral other 

L 

bodies. 

As theufe ofmarle in agriculture, 
depends in ibme fort of foils upon 

L 

the q’uantity of calcareous earth 

. which 
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I 

which it contains^ and in others 
upon the clay which enters into its 
compofition, fomc readers will wilh 
to be acquainted with a general me¬ 
thod of afeertaining the exadt pro¬ 
portion of clay and calcareous earth, 
contained in any particular kind of 
marie. 

f 

Take an ounce of the propofed 
marie, previoufiy reduced into pow¬ 
der, and well dried j pour upon the 
marie a diluted acid of fea fait; ,aa 
elfervefcencc willenfue; thisefiSer- 
vcfcence arifes from the adlion.of 
the acid on the calcareous earth, for 
the acid has no fuch adtion on pire 
clay, nor even on clay and fand,, as 
may be fecn by pouring a little of it 
on pipe-clay; when fo much acid 
has been added, to the marie that no 

further effervefc^nce is obferved, wc 

may 
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iiway conclude that all the calcare* 

1 

‘Ous earth contained in the marie is 

' *■ 

now diffolvcd in the acid,; put the 
whole into a filter; the calcareous 
'Carth being difiblved in the acid will 
.pafs through the filter, whiift the 
'•clay will remain upon the filter: 
wafh the clay, and the filtering 
vpaper, by pouring upon them hot 
Avater till they are freed from all 
'faiinc particles.; the clay being after- 
-wards dried, as the ounce of marie 
had been, will lliew, by its lofs of 
weight, the quantity of calcareous 
earth which the mark contained. As 
to the matter which remains upon the 
filter, and which has been called clay, 
it may chance either to be pure clay, 

or a mixture of clay and fand ; if it 
is the .latter, the quantity of fand 

may 
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may be known by walhing it and 
collefting the fcdimcnt. 


Tliis method of examining how 


much calcareous earth is contained 
in any fpecics of marie, may be ufe- 
fully adopted alfo when the clay or 
marie is to be applied to the making 
of i3rick. For if the quantity of 
calcareous earth is large, the marie 
in being burned will rather form 
lime than brick, or the brick at leait 


will fdon moulder in the air, in con- 


fcquence of the calcareous ^rth 
falling into a powder like linn^.~ 
The marie dug our of the fam^ pit 
is often very different in its prGjper- 
ties, fome parts of it eoi tunit^ fp 
much calcareous carth> that they 


may with advantage be burned into 
lime i whilft other portions of it.may 
be made into 'good brick. • I will 

illuftrate 
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ril-aftrate what has been fa id con- 

#• 

■cerning the analyfis of marie, by an 
in (lance. 

We have a ftratum of lead-colour¬ 
ed clay, a little beyond Magdalen 
College, on the road to Ely, which 
burns to a whifilh brick: I took 
four ounces of this clay, moift as* it 
was dug out of a pit, ten or twelve 
feet deep; by being dried on a hot 
ficc-fhovel till no more vapour ap¬ 
peared to rife from it, the weight 
was reduced to three ounces. Thcfc 
tbree ounces, or 6o pennyweights, 
were put into a quantity of diluted 
acid of fait, till no more cfFcrvcfccncc 
was obfervcd, the mixture .was fil- 

tercd, and what remained upon the 
filter, being dried, weighed 46 pen¬ 
nyweights, the quantity of calca¬ 
reous earth amounting to 14 parts'* 
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ki 60, or near-J of the weight of the 
clay when dried. What remained 
upon the filter was wafhed in much 
water j I obtained a fediment amount¬ 
ing to about 1 pennyweight, but it 
was not a fandy fediment, it refem- 
bled an earthy fait, refuUing from an 

union of the acid of vitrjol .with 

« 

calcareous earth, which is ufually 
called SekniUs^ there was alfo fepa-*, 
rated, by wafbing, a quantity qf 
greyilh earth, which was, cbfcfly 

i 

iron. I ' 

The moulds, ufed in mailing 


briclcs from this clay^ are 10 in^lhes 
in length, and 5 in bteadch^ and|the 
bricks, when burned, ufeally 
fore 9 inches in length, and 4I in 
breadth, fo that the clay ihrihks 
about 1 inch In 10. ; But the degree 
df contraftion, which clays undergo 

VOL. rr, • T in 
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in being burned, is very various, and 
. it does noi: folely depend upon the 
purity of the clay j for I have been 
informed by perfons employed in 
making coarfe earthen‘ware from 
fimple clay, that the fame clay juft 
dug out of the earth, and put into 
the fire, will contrail lefs, than when 
it has been feme time expofed to the 
influence of the atmofpherej for 
froft more perfectly divides its par¬ 
ticles than any artificial procefs can 
do : the Chinefe arc faid to let their 
clay remain expofed to the atmo- 
fphere io or 3b years, before they 
apply it to the making of porcelane : 
and the goodnefs of common tiles, 
and bricks, js much increafed, by 
AifFcring the clay to lie mellowing 
for a year or two before it is ufed. ^ 

The 


4 

i 
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The clay here fpoken of, tliough 
it does not contain fo much calc a- 
reous earth, as to render it a proper 
manure for llifF, loamy (oils, yet it 
might probably be iifed, with great 
advantage, ^on thofe which are light 
and Tandy; inafmuch as by its clayey 
part (for clay is greatly resentrve of 
humidity) it would contribute to 
keep the ground from being deprive 
ed of its moifturc, by the aiSlion of 

^ I 

the fun and wind during the height 

I 

of fummer. The quantity of iboif- 
tore which is imbibed, by the l&Ves 
of vegetables from the atmofplerc, 
as well as that which is fucked m by 
their roots, has 'a great dependence 
on fhc moiftiire of the g^oiinl on 
which they growi for when: the 
ground is dry,, the air incumbent 
tjponit wijl, comparatively ipeaking^ 

* T a .. ‘be 
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be dry alfo^and the vegetables which 
grow in that dry air, will lack a 

-part of that moifture which is ncccf- 

« 

fary to their well being, for whether 
‘moifture be itfclf the food of vege¬ 
tables, or only the vehicle of food, 
it is indi(penfably neceflary for the 
promotion of vegetation^', , 

Prom the confideration of marie 
we pals to that of alalafter^ which is 
Pddom found rin beds, except-in 
•conjUrt<9:ion with marie. There is 
ilbirre eonfufion-both in the philofo- 
phical and in the common accepta¬ 
tion of the term alabofter ^ I do not 
mean merely with refpe^t to the 
-colour and tranfpaitncy of.the fub- 
ftance, bat with ielation to its con- 
ftituent pans. This confufion may 

he 

^ Vto^etttbilia oninia a liquorlhus omnlflo 
cfi.-fouiit.— 'N'Jwton- * 
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be greatly removed, by admitting* 
two forts of alabafter, which are 
eifentially different from each other,, 
calcareous and gypjeous alabafter; to- 
which fort any particular fpccimen 
belongs may be determined by the' 
eafieft experiment. Dip a feather in’ 
the acid of fea fait,.touch-the fpeci;- 
men of alabafter with the wet fea* 
tlier, and if an effei'vefcence enfues> 
the alabafter is calcareous* it-is of the 

fat 

nature of marble, and may be bi^ned^ 
into lime; if no efferoejeeme enfucs,. 
the alabafter is gypfsous^ it is of the 

j 

y 

nature oiPlafier of Parisy and*|reFy’ 
different from every fort of ma|ble. 
This fubftance is called in the i|orih'^ 
of England being a^ )cor- 

ruption probably of alabafter/and* 
it is alfo often called by the Iliatin* 
appellation gyfjumy cfpecially by ther 

<r 3. Freaclu^ 
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French^ Gypfum was applied by the 

ancients to the very fame purpofes 

* 

to which it is applied by us; they 
ufed it in architcdure for the making 
ofceiIings>medallions^ and cornices; 

pi 

and even the naaie of the perfon, 
who firft invented the method of 
taking off* the iaipreffion of a man’s 
face in gypfum, has been preferved 
by Pliny 

( 

.There are Ibme forts of alahafter 
which diflTer fo widely in weight, 

I 

both from the fineff kinds of plaffer- 

I 

ftone; and of calcareous ftone, that 
I know not how they can properly 

' - be 


* Ufas in albanis, figillia aedificioriim^ 
ct coronis gratitlimus.Pltu.Hift.Nat.L. xx xvj,. 

V 

f. ^9, —Hominis autem imaglnem ^pfo e fane 
ipfa primus omnium txpreffit liyiiilratus. Id. 
L. XXXV, /, 54. where it* is obferved that 

it 

the cq/} was 'improved by pouring wax into 
the gyprnm mould. * 
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be confidered as being of the fame 
nature with either of them. Mr. 

•k 

Cotes has fixed the weight of a cubic 
foot of alaballer at 1875 ounces*, 
and two other authors have repre* 
fented it as weighing 1872 ouncesf. 
I have tried feveral fpccirnens of the 
fineft Derbyfhirc plafter-ftone, and 
find that a cubic foot of it weighs, 
at a medium, 2286 ounces; a cubic 
foot of the Derby 0 iire wafricle, 

which is a fine calcareous flonjp, re- 

r ^ 

fembling alabaftcr in colouri and 
tranfparcncy, weighs 2720 our|ees. 

1 * 

Two fubflances when combined 
together in different ways, or dif¬ 
ferent proportions, may confl^ute a 
great variety of bodies di^ring 

* j 

much 

\ 

^ Cotes’s Hydros. 

I Muj0[cheubro<^k—^ Wall^riw^. 

’ • T 4 . 


I 
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i 

much from each other in external 
appearance, and fomewh at, probably,, 
in their internal properties. We 
have an inflance of this in the com¬ 
bination of the acid of vitriol with 
calcareous carth*^ for this combina¬ 
tion conftitutes a great many fub- 
llances exceedingly diffetent from 
each other ia appearance. I will, 
mention fpme of the moft remark¬ 
able. (i) A foUd fubftance not fo, 
hard nor fo heavy as marble, nor fo 
capable of receiving a fine polifli,. 
but confiding of finer particles, and 
having a greater degree of tranfpa- 
v^ncy-^Gyffeous alahafier, (2) A 
fubftance compofed of larger par- 
■ tides than the preceding, and hav¬ 
ing a fcaly or granulated texture-— 
Tlafier-fione. (3) A fubftance whbfe 
parts, inftead of being flat or granu- 

‘ lated. 
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lated, He in longitudinal fibres, like 
.1 parcel of needles, or a (kein of 
thread— gyp/um. (4.) A 
pellucid fubftance confifting of a 
number of tranfparent plates of’ a 

lozenge-like form, found in great 
plenty and perfe^lion ziShotover-hill^ 
near Oxford— Rhomhmdal Jelemtts* 
(5) Some take the lapis jpeculark- 
which the ancients ufed inftead of 
^afs, to have been compofed, like 
all the preceding bodies, of th^^ acid 
of vitriol and calcareous earth; 

V 

vyhilft others look upon it as a f^ecies 
of talc^ which differs from pl^fter- 
fk)ne in this, that it does not^after 
being cakined and wetted with ^ater, 
fwcll and concrete into a hard^^ony 
fu b ft an ce. This lapis Jpeculariskzvat 
into ufe at Rome in the age of 

. ncca ; 


t 
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need j it was foon after its intro- 
dutStion applied not only to lighten 
apartments, but to protect fruit trees 
from the feverity of the weather f ^ 
and it is recorded to have been prin- 
cipally by its means, that the Em¬ 
peror .Tiberius was enabled to have 
cueunabers at his table durins: almoil 
every mohth in the year j;. I be¬ 
lieve 

* Qusedam noftra d^mum prodiifle ,nie- 
mom feimus, ut fpecnlurtomm ufum, perlu- 
cent tefta, claram tranfmittentium Incem. Sen. 

!£• p* 

f Pidlida nc CiKcum timeant pomaria bru- 
inam> 

Mordeat et tenerum fortior aura nemus: 
Hibernb obje6ia noils fpecttlatia puros 
Admittiiftt foies, et (ine faede diem. 

Mar* L. viii. epig. 14 et 6S* 
$ Nihilo Jjpeful&ribus integi debe- 

hunt ut etiam frigoribus ferenis diebus tuto> 

producantur ad folem. Hao ratione fere toto 

(■ 

anno Tiberio Csefari euctmis praebebatur. Co*, 
lum. L, xh c. 3* * 
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Keve it Is (till ufcd in feme co\intrtes« 
in the place ofglafs^and we certainly 
know that it wasTo. tjfed in the time 
of Agricola^ for he mentions two* 
churches in Saxony which were light¬ 
ed by it 

If the lapis Jpecularis was a kind of 

tV2kti^p^rtntplafier-ftone, it muft have' 

♦ * 

been fubjed: to one inconvenience,, it 
could not have long ftood the a< 51 :ioti 

of the weather: fovgypfeous alahafier^ 

§ 

plafier-fiofiey fdehites^ and all' other 

jjjl^ i 

combinations of the agid of 

\ 

with calcareous earth, are folulile irk 
water, either wholly or in u* 

gree. Theft: fubftances rcquir|>'inr 
deed, a greater proportion oF fifater 
to piffolve them,, than any othjtr fe¬ 
line fubftances do; but they ai^, nc- 

* ^ I 

verthclefs, foluble in water. 

<• ^ j 

■ I took 

* Agric, d9 Natura Fpf. L« v. p.. 257; 
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I took fome very white j)lafter- 
flone, and pounded' it into a tine 
powder; i pennyweight of this pow¬ 
der was' put into a pail, containing 
lo.quarts of water; the powder was 
entirely difiblved in it; from hence 
wje learn,, that this kind of plaftcr- 
ftone is whol-Jy foluble in water; the 
water was pump water of 4 8 degree 
of heat. I thought that this quan¬ 
tity of water was perfedlly faturated 
with 4 penny weights, or 96 grains of 
the powder, ana hence it feems as if 
ipring water, which is ufually of the 
temperature of 48 degrees, would 
diflblve about one fourteen hun¬ 
dredth part of its weight of plafter* 
ilone. There are great beds of plaf- 
tef-ftone in the environs gf Paris, 
and the hardnefs of the well water of 
that city is thought to arife from the 

‘ par- 
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particles of plafter-ftone whjch arc 
difiblved in it. 

* 

Agricola eftecmcd the l 4 tpisJpecu^ 
laris to have been a fpecies of plaftcr- 
ftone, and in fpeaking of it he re¬ 


marks, that though -it could bear^ 
without being injuredthe heat of 

> “t ^ 

fummer and the cold of winter, yet 
the largcft maffes of it were wafted 
by the rain'*'. I tied a lump ©f 

r 

plafter-ftone, weighing two opnces> 
to the end of a pair of fcale^, and 


kept it fufpended in the middfe of a 

(!■ 

pail of water for 48 hours, thOrwater 
having been changed two three 
times in the ir^terval j at the ind of 

y ,, !' the 




^ .Res ^j^ 'COgnata lapis fpmilai$s<^{ti^ 
xalores foils ct frigora, fed ^bdum 

adeo impatiens eft, ut fi vel magna cjus moles 
ipfis fuerint expdfitpe corrumpantu,r. Agric, 

de Nat, Foff. I. vl Ed. Baf. >54^ ' 
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the eKperiment, it appeared, that 
the plafter-ftone had loft one thir¬ 
tieth of its weight. 

There are rnany places in England, 
where plafter-ftone is gotten in great 
abundances the princ^al of thofc 
which I have feen, arc at Chelafton^ 
a fmall village about four miles fouth 
from Derbyy and at Beacon^Hill near 
Newark, They annually raife at 

i 

Chelafton about 800 tons of plafter- 
ftone, which is fold upon the fpot for 
5s. a ton. It is chiefly ufed for the 
making of floors in Derbyftiire, Lei- 
cefterfliire, and Nottinghamlhirc; 

r 

that which^has a blueiih caft is moil 

' 1 

eftcemed for flooring; the Very white 
pieces are fold to the potters ; to the 
poliihers of fpar^who call it ala* 

4 

baiter (though they get their bed fore 
of alabader from St^flordikifeji and 
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to the plaftcret's. The plafter-ftohe 
before it is iifed, either for floors or 
ceilings, is calcined ; it lofes in that 
operation, from 4 to 6 hundred 
weight in a ton 5 the lofs, however, 
in the fame kind of ftone, depends 
very much upon the of heat 

with which it is calcihed. I calcin¬ 
ed, in the fame crucible, a piece of 
Derbyfliire warricle, a piece of Hne 
grained plaftcr-ftojic, and a pi^c of 
the ftriated kind from Chelj^qn/ 

_ V 

The watricle loft after the race m 8 c, 

# 

* k 

1 ^- 

3q. 17lb. in a ton; the plafter-iftone 
loft after the rate of 12 c, oq43 lb, 
and the ftriated kind.alter t&t of 
IOC. oq, alb. in a tohi WJufi thb 
ftone is calcined, thofe parcsiof it 
which are expofe^ to the gitateft 
heat, are fometimes,melted, and they 
frequently acquire a yellowifh caft, 

• 1 and 
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and esnk a fiilphureous exhalation, 
and are in both cafes thrown afide as 
ufelefs, Tbe flooring made from 
the flones, which are -become fulphii- 
reous by calcination, is apt to rife 
in bliflers; this proceeds from the 

4r 

plaftcr-flone having loft a portion 
of the vitriolic acid, which enters in¬ 
to its compofition, and being thereby 

changed into a-fpecies of lime. They 

1 

calcine the ftone ufually at night, 
that they may be the better able to 
obfcrve when it becomes red hot, in 
which, ftate they judge it to have re¬ 
ceived heat enough* After calcina- 
tibn they riduce it to a powder, by 

threfhlngic with flails, or grinding it 

< 

in a mill f and when it is become of 

a due finenefs, they mix it with a 

■ . 

proper quantity of water, and fpread 
it to the required ihicknefs upon 

^ . - c. reeds. 
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reeds, where it immediately ccyicretes 
•into a folid floor ; 30 hundred weight 
of the crude ftgne will, v/hen cal¬ 
cined, make 20 fqiiare yards of floor¬ 
ing of 2 1 - inches in thicknefs. For 
preparing the Hone, and fliooting 
the iloor, the Derbyfhire maforis 
charge yd. a fquare yard; hence 20 
fquarc yards of plafter flooring, in¬ 
cluding the price of the Hone at the 
pits, will coH il* 2S, 6 d.’ — —The 
additional cxpence n7ufl l>e viirious, 
it depending upon the price of the 

conveyance of the crude Hone* from 

the place .where it is dug, Jto the 

> 

place where it is ufal.' Plaltei>Hone, 
however, is found in fo m.any ^rts of 
the kingdom, and the inland n^aviga- 
tions arc become fo comiriodious, 
that plaHer flooring might be intro¬ 
duced into iTjany countries with a 

U con- 


voL. n: 
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confidcrable faving of cxpence j & 
circumftance efpecially to be attend¬ 
ed to in the erc£lio» of public in fir- 
iTiaries, and houfes of induftry. 

They have fawn out of the quarry 
at Chelallon, fqiiare blocks of a yard 
in breadth and thicknels, and of tv/o 
yards in length; and blocks of ftill 
greater diinenfions have been raifed 
at a place called Red-bilh, in the 
county of Nottingham, about four 
miles from Chelafton. The (tone from 
tht Red'hills is not fo good for floor¬ 
ing, as that at Chelafton; it is, how¬ 
ever, a very beautiful ftone. Lord 
Scarjdale having gotten from thence 
thofe fiiperb columns which adorn his 

) 4 

hall at Kedlejlon, Thefe columns are 
made of difterent blocks, from 2 or 
3, to 6 or S feet in height, which are 
' fo artfblly cemented together, that 

, .' they 
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they may be taken for one piece. 
The blocks are raifed out of th« 
quarry, by being fawn to the proper 
length on each fide, and to the depth 
requifite for the thicknels of the co¬ 
lumn, the block ftill adhering by 
its lower furface, to the quarry, is 
bi’oken oflT from thence^ by. being 
raifed on each fide with levers. It 
is afterwards rounded into the pro¬ 
per cylindric form by the mallet and 

I 

chifel, and polilhed by being irubbed 

■* 

with various kinds of ftone|i, then, 
with emery, and laft of all with 
putty. If the veins of the ^^parate 

blocks which arc to compifc thfc 
lhaft of an alabafter coldmd|©f the 
kind we are fpeaking of, fo not 
happen to fuit each others ih order 
to make the Jundlure lefs difeerni* 
ble, and to give a grcatcr.appcarance 

*. • 02 of 
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.of confluence to the whole co- 

lumn, fmall pieces are here and 
there cut out of the feparate blocks, 
and others of a different colour in- 

I 

ferted, and cemented by a mixture 
of rofin and bees-wax, tinged green, 
red, brown, yellow, according to 

the nature of the piece to be inferted. 

( 

. ^Alahafier columns, though they 

m 

are much eaucr to be wrought than 

% ■' 

-/marblfi and when finely poliihed 
' look very well,, ycr, I apprehend, 

. their poliih muil be injured by a cir- 

cumftance which does not affed either 

> 

, , marble QX cakareoiis alahajl^^^,^ The 

s 

with humidity, upon 
up a froft, and in other ftates of 
the weather, fo much water is dif- 




charged from the, air, that marble, 

I 

wain- 
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•wainfcot, and other fubftancfis upon 
which it fettles^, are faid to fweat.—* 
Now the water which thus fettles on 

' r 

^ iy 0 ^ous dlahafter column,, will dif- 
foivre part of the fubftance of the cor 
lumn, and as fonme parts of the ala- 
bafter are more foluble than others, 
the uniformity of its furface will be 
injured ; and the part, moreover, of 
the alabafter which has been.dilTolv- 
cd, will, upon the evaporation of the 
water, either not adhere at all to the 
column, or it will adhere iri fuch a 
way, as to render the pOHfh lefs^ 


glofly. - But whether this actjbunt of 
the matter be admitted or i|ot, the 
h&ty I believe, of the polifhM gyp- 
ieous alabafter bcinginjuredoy itloifh 
weather, is not to be deaict^. 'I^he 
alabafter columns in the Egyptian? 

Mall at Hotkam^ were dn<f from the 


? 
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quarries in StafFordfliire, and the late 
Lord Lekejier was at the trouble of 
contriving means to keep them dry 
in moift weather, left their polilh 
Ihould be impaired by the aiftion of 
the moifture. 

They annually raife about 2000 
tons of plaflcr-ftone at the pits near 
Newark 5 it is fold on the fpot at 
cs.6d. and atGainlborough at 8s. 6d, 
a tooj from whence it is fent to 
London and various other places, 

-1 

It having been laid, that plafter- 
ftone is a faline fubftance refulting 
from an union of the acid of vi¬ 
triol with a calcareous cafth'l the 
reader may expect fome proof of the 

1. 

aflertion.——Boil together pot-afli 
and plafter-ftone, and you will obtain 
the fame kind of fait, which would 
arife from uniting the acid of vitriol 

2 ' * with 
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with pot-aQi; and thence we con- 
elude, that the acid of vitriol is one 
of the coi'nponent parts of pUfter- 
Jlone: that calcareous earth is the 
Other, is evident from this confidcra- 

tion, that the earth,,, which remains 

\ 

after the acid of vitriol has been fc- 
parated from the plafter-ftone^efFer- 
vefees with acids, and na&y be burn¬ 
ed into lime. 

Having >faid fo much concer««ing 
gypfeous alabafter, which is an earthy 
liilt rcfulting from an union of the 

acid of vitriol with a calcareoui e:^vK\i i 
it may not be improper to add a 
word or two concerning alural whicn 
is an earthy fait, compofed fof thfe 
acid of vitriol and an arg^laceous 
earth. The acid of vitriol^ when 
united with any earth, may be fepa- 
rated therefrom by a fixed alkali j and 

V 4. if 



( Sia ) 

if we poor into a foluiion of alum 
any fixed alkali, the earth of alum 
will be precipitated, and we lhall 
obtain a fait, of the fame kind as* 

would refult from a direct combina- 

« 

tion of that alkali with the acid of 
vitriol i and thence it is inferred, 
that the acid of vitriol is one of the 

t 

component parts of alum: upon 
examining the earth, which is precN 


pirated by rlic alkali, jc will be found 
to be very white, and very tenacious. 


and fo be capable of being hardened 
in the fire j in fiiort, it is one of the 
pureft clays in nature; and thence 
. it is concluded that an UrgiUaceous 
earth is the other component part of 

alum, The conftituent parts of alum 
may alfo be proved by its artificial 
coinpofition, for though the vitriolic 
acid, when poured upon pipe-clay, 


doea 
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does not feem to ad upon it, .yet if 
it be boiled with it, a folution of thfe 
clay in the acid takes pl^e, and an 

n 

alum may be obtained by flbwly eva¬ 
porating the folution. 

Being one day engaged in evapo*- 

V 

rating fomething or other, from a 
faucer made of the StafFordfliirc yel* 
low ware, I was furprifed to fee a 
white fubftance bubbling through a 
crack in the faucer ; upon talking it 
I found it to be a fait; I collefled a 
fuHicient quantity of it>. and v^ieait 
was difTolvcd and cryftalli2€d,fit apw 
peared to be a perfed alum.f The 
fire was a very hot one,, and k waa. 
made of coal cinders; the fauclr was 
placed on the bar of the grat^, and 
the alum, 1 conceive, was formed 
from the Jul^bureous acid of the cin* 

ders uniting itfelf with the which 

enters 
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enters ♦ into the compohtion of the 

yellow ware. I have been informed 
by a very wtclligent perfon, that the 
vapou^hich, in fome places, efcapes 
from the coal-pits which arc on fire 
i n S talFord fhire, forms an al u m w here - 
ever it meets with an armllaccons 

O 

earth. This is very conformable to 

r 

the manne*r of making alum on the 
Solfatara near Naples, where they 
place little heaps of argillaceous 

fk 

or (tones, over the crevices from 
which the fulbhureous vapour ifTues, 
in order that they may collect a 
greater quantity of alum 

la England we make alum from 
a black llaty fubilance, called jhale ; 
this fubdance is a clay, hardened 
into a ftony conliftence, and fo much 

im- 

li _ 

* Lett*‘fur la Miner, par M. Fcrbcr, 
French Tranf. p. 2<5i. 
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impregnated with bitumen, that kr 
burns fomewhat iike coal. We have' 
leen, that coal emits, when it is in the 
ftaie of a red-hot cinder, a Jpriphu- 

reoijs acid : many other bitumens, 

1 

probably, in the fame ftate emit the 
fame^acid, and tlie acid which is 
emitted from (hale during its calci¬ 
nation, uniting itfelf to the argillace¬ 
ous eaith of the fiiale, forms alum* 
About 120 tons of calcined -lliale 
will make i ton of alum. The Ikale, 
after being calcined, is fteepM in 
water, by wliich means the |lum, 
which is formed during the cafcirta- 
tion of the fhale, is diflblved | this 
diffolvcd alum undergoes vlrious 
operations, before it is formep into 
the alum of the (hops. The gfeateft 

alum works, and I believe the only 

* *■ 

tjncs which now fubfilt in the;king- 

i dom, 



dofti,, are at Whitby j a few years ago 
there were fomc in Lancaidiire 5 and 
alum might be made in many other 
part9||cbut Whitby is fo conveniently 
fituated for coal and water carriage, 
that alum can be there alfordetl ac 
a cheaper rjite than in nioft other 

places, and it cofts even there 9 or 

1 

lol. a ton making. 


ESSAY 



ESSAY' VIII. 


\ 

OF FlT^COAt. 


I Took 96 ounces of Newcftfik 
coal, and putting them iifto an 
earthen retort, diftilled them ,iwith % 
fire gradually augmented till tithing 
more could be obtained fromithem. 
During the diftillation tbele was 
frequent occafion to give veti to an 
elaflic vapour, which wOuld^Othcr- 
wife have burfb|he yelfels err^loycd 

in the operation* The weights of 

I ' the 
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the liquid found in the receiver, and 
of the rcfiduum remaining in the re¬ 
tort,.after the-di (filiation was finilb.ed, 
were accurately taken, and are ex- 
prefled in the following table. 
Weight Newccifils pit-coal dif- 
tilled “ - p6 ounces 


Weights of the 


o 



f Liquid - 12 'I 

Refiduum - 36 bounces. 
Lofs of weight 28 J 


■M 


9 



PwjfelTor Newmam analyfed, by 
-diftillatioD, the beft fort of the pit- 
xoal found at Halle^ in Germany. He 
ufc4 onIy.,‘4S ounqe^ in his analyfis, 
,hut' I have .exprelTcd the r^lt of his 
.operatiot)! .upon; the fuppdiition of 
Ins having ufed twice as much, or 
96 ounces *. 

' j , Weight 

■* j » 

* Chem, by Lewi^ p. 245. 
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Weight of the Halle pit-coal dif- 
tilled - - 96 ounces 


Weifflits of the 

O 

proilutts. 




Dr. of Montpellier* analy fed, 

by dirtilhtion, 64 ounces of the pit- 
coal oiAlais in Languedoc> fuppofin^ 
that inftead of 64 he had urcd’96 
ounces, the refult of his anaiyfis 
would have been expreffed fcy the 
following numbers^": f 

Weight 


k 

'* Inftrudlions fur PUfiigc de l;i|HQtiSle« 
Ji Avignon, 1775, p.,45. 
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Weight of JIah pit-coal diftil- 
led ' . g 6 ounces 


Weights of tht 
produ£ts. 


r^^uid - 10^ + 

^ Rdiduum - 84 
^Lofs of weight 1 1— 


ounces. 



M. Sage, of the Academy of 
Sciences at Paris, fays that he Ir.s 

« i 

diftilkd various fpecimens of pit- 
coal, taken from different places, and 
they generally yielded 2 ounces 
of liquid from 16 ounces of coal 
thae is 12 ounces from 96 i wliich is 
the /ame prop^owion as in the ana 

iyfi^ of the Ncwcaftk and Halle pit- 
co^l irfe does mcrition the 

wflghts of the fo that 

the 


♦ ]&lj^eD8 tie JSift^lsIlogied A Pam, 1778, 



( ) 

the Ioffes of weight, in his ‘ 

tions, cannot be afcertained. 

Tbefe fcveral analyfcs corrclpond 
lb nearly, with refped to the quan- 
tity of liquid procurable from dif¬ 
ferent lores of co 41 , that they very^ 
much continn one another; and 
make k probable, tliat wc ihall not 
be far from the truth in generally 
afierting, that pit-coal contains 
eighth part of its weight of liquid**. 

f 

With relpe6fc to th.e nature of the 
liquid, it may be “ obferved, "that 
when poured out of die receiver, it • 
is feen to confiift' qf three difT^cnt 
fubftances t The middle p#t is 
an acid watery fluid, of a recSiift 
colour, it Teems as if it was lolded 

^ A 

i 

with oil, and it fmells of vqjitilG 
alkali:, (a) On the furface pfjthis!, 

watery ftoid there floats a fmall por^ » 
VOL. nV • X sion 
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tipn oy oii, more or Jefs liqtiid and' 
tranfparcn^ according as i)ie heat 
iifcd in. conducing the diftillation 


• I '* t t i 


• ' ' 4 I 

has been lefs;or greater; >(3) At the 
bottom there is found a black thick 

* k 

tenacious oil, very much rcfcmbling 

f * 

tar. The two oils together amounted 

• • ' * • ' I 

in the diftillation of the -Ncwcaftlc 
coal to four ounces, or one-third 

^ - I 

of the weight of the whole liquid} in 
the analyfis of the Halle, and Alals 

I 

coals, as well as in the experiments 
of M. Sage, the two different forts 
of oik were obfcrvable, but they 
bore a greater proportion to the 
whole of the; liquid, than in the 
Newcadle coal, amounting to one 
half of the weight of the liquid^ 
ThiSi^'difference makes me fufpeft 
that ^Jtommitted fonie error, in efti- 
inaSUhg the quantity of oil obtained 

from 


1 
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f ' • 

from the diftillation of Neweaftic 
coah It is probable> however^ that 
the quantity of oil feparable 
the fame kind of coaly may be in* 
fluencedy in fome degrecy by the 
manner of perfornling the operation; 
and there is, mofeov'cr, fomc reafon 
to bellevcy that in different kinds 
of coal the quantities of oil may be 
very various; as we obferve (benvto 
differ from each other both in their 
pronenefs to catch fire, and in their 
ability to fupport it: though it muft 
be owned, that both thefe effeds 
may as confiftcncly be explained, 
from the difference of the m^ncr 

i 

in which the oil may be combined 
with the other principles of the 
coal, as from the difference of its 
quantity. 

' ' The 



f 
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r 

. * The cor 
to the quantity of liquid obtained 
by theTeveral diftillations of Englilh, 
German and French pit-coal, would 
induce one to fuppofe that the expe- 
liments had been refpeflively made 
with great accuracy; but the great 
, difparity, &$■ to the quantity of the 
refidues remaining after the extrac¬ 
tion of che liquid, feems to indicate 


A 

rcfpondence, with rerpect 


life contrar}^! for it is greater, I ap¬ 
prehend, than can be accounted for 
fron) the different natures of^e 
coals. The German and Flinch 


analyfes corroborate each other, and 

I 

the reader may thence trafonably be 
difpofed to queftioh the truth of 
mincrf He will permit me, however, 

to produce a teftimony in its fupporr, 

' , 

and whi& is, perhaps, the more to 

be 
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be depended on, as I was no^awar<^ 
of it when the analvfis was made. 

Dr. Haks=‘, by diftilling 
grains of Newcaftle coal, obtaioeef 
5; I grains of air. From ounc^es 
he would, according to the fame pro¬ 
portion, have obtained 30 ounces 
of air j now the ^fFerence be- 

® r 

tween 28 ounces of fome fort of 


' V 


matter or other which was loft dur¬ 


I \ >0 \x 


ing my diftillation of 96 ouuces of 
coal, and 30 ounces of air, which 
might have been obtained from the 
fame -quantity orcoal by Dr. |^ales' 
method, is fo /mall, that it may 
cafily be accounted^ for tror^ the 
different mod® ,of opcntji^, or 

from a flight differerice in the ^trali^ 

^ < 11 

lies, of the coals. Many natUralifts 
. \ * 

luve thought that pit-coal has been 


V 


X 

^ o 

\ Vfgctab, Stat« 


pro* 
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produ^ed^from vegetables, arid cfpe- 
cially from forefts of refmous woods, 
v^hich have been buried in the bowels 

I I 

of the earth ; without erttering into 
all the reafons on which this opinion 
is founded, .1 will lay before the 
reader an account of the produfts 
obtainable frqm difFerciu woods by 

The woods which I diflilled were 


I^eaft of Oak, Box, Mahogany, and 
Batlom* They were all dry and old> 

and were cut into fmall pieces, about 
half an inch fquare, before they were 
put into the carthp retort. The 
annexed table Ihews, at one view, 



Heart 
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Heart of Oak* - 

[Boxi 

Mah* 

SalU 

Weight diftilled, 96 oz. 

96 

96 

96, 

Liquid - - 37I 

614 

331 

48 

Refiduum - - 30 

264 

275 

20 l 

Lofs of weight - 2SI 

8 

35 


96 

96 

’ 96 

_ * 

96 


The liquids feparable from woods 
by diftilJation, confift^ partly of oil, 
but principally of water lmpr^gnat^4 
with an acid, from which alfo; a vo? 
latile alkali mayi)e difengagcd./Th^ 
oil varies in quantity accor4iBg to^ 
the nature of the wood, the bard eft 

St 

woods, and the ihardell pares ^pf th«» 
fame wood abounding moll’ jn oil i 
thus both oak and box corviainedj 
in the fame , weight of jwood, 

i » ‘ 

more oil than fallow did. That part 
of the oil which is fir (I feparated 
from the- wood is fo light as to float 

X 4 . upoa 
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uponi water, and of a yellowlfh co¬ 
lour ; its quantity, however, is but 
fmall, compared with that of the 
thick, black, heavy oil, which fol¬ 
lows it. It appears from this ac¬ 
count, that the quality of the liquid 
fcparable from wood by diftillation, 
is wholly the fame with that of the 
liquid fcparable from pit-coal by the 
fame means. 

I 

I 

The matter which is loft during 

the* diftillation of both wood and 

'» 

pit-coal has been called <?/>, and it 
certainly has one, at Jeaft, of the 
moft diftinguilhing properties of air 
—permanent elafikity^ for bladders 
may be inflated with it as with com¬ 
mon air. It does not begin to be 
feparated from either wood or coal 
till the lighter of the two oils begins 
to l^ppear} it then rulhes out with 


I 
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* 

preat Violcncf, ‘ aftd uljlcfs 

vent be given to'iCj the (Irohgeft 

vcfTels will be burft by it. ' ' ' ^ 

In diftilling Heart of oak, during 
the courfedf chemical le6tures‘which 
I read in the univerfity at Cam-^ 
bridge, in the year 1767, I remark* 

1 

cd to the audience, that t}ie air 
which ilTued with great vibIcndS 
from the oak was inflammable, not 

only at its firft exit from the diftil- 

I , *■ 

ling veflci, but after it had beeri 
made to pafs through two' high 
bended glafs*tubes, and three large 

r- 

veflels of water. 1 at firft fuppofed 
the inflammability to proceed from 
fome oily particles which hsid ac¬ 
companied the air, and which I 
thdught would foon be condenfed 
by the cold, though they had not 

* • been 
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been QOndenfed in paOing through 
ihe watery bat upon repeating the 
experitnent^ and co]le( 5 ling the air 
in bladderSj 1 found chat it retained 
Its inflammability a long time^ and 
burned like the air, fcparable from 
fome metals by folution in acids. 

Frotn the refcarches which have 
been lately made on this fubjeifl, it 
is now believed,, that this kind of 

y 

air may be feparated from all vege¬ 
table, animal,, and inflammable mi- 
neral fubllanecs by diftillation i and 
the common burning of wood^ qoal, 
paper, pitch, oil, and other com- 
buftible bodies, is attributed to this 

I 

air, which being feparated from the 
body by the heat, and inflamed by 
the contadt of the fire, continues to 
burn long as the body continues 
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I 

to afFord a proper^pply, of 
fiamnahk aWy c^fidefcd in tbiavienf^ 
bears a great refetnbjance ,t<) what 
*the chemids have hitherto upderw 

jp ^ » 


ftood by their fblogifton^ or food of 
fire. 

« 

Diftillation is npt the only m^ans* 
of feparating infiammahle air from 
vegetable and animal fobftantes, it 
is found to be produced by futrei^ 
fa^ion. Stagnant waters, whofc hot- 


toms are covered with pt^cfying, 
vegetables, yield an indammat^e air; 
the Thames water, in becoming pu*» 

' '4«I ^ 

trid, yields an*inflammable air: and 
the fame obfervation may, projpably,, 
be true of ocher river waters .which 

are fubjefb to putrefadion. in^ 

flammable air has been obferv^d alfo 

in fwampy grounds, in cellars, and in 

privies. There arc many inftanccs re- 

* • 

corded> 
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corded, of a vapoikii iflliing from the 
ftomaebs of dead pcrlbns, which took 
fire on the approach of a candle ; 
the matter producing that vapour 
could not, probably, become putrid 
enough in the, domach, to generate 
an inflammable vapour, whilft the 

peribns were alive j for Van Helmont 
has remarked, that the airdifcliargcd 
from the ftomach by erudtation, is 
not Mnftammable, but that it be- 

t '* 

cornea lb in the lower intellines f. 

From 


* CoUcA. Acad. Torn, III. Etrang» 

p. r6*; " 

' f Ru(Slu« five flatus, originalis in J^omachc^ 
prout fit'flatus ilei extinguant, flamu^atn can- 
dcl«c», iJ/f/'rdrrw autem flatus, qui in ultimas 
fbrmatur inte/liuis, atquc per anum erumpit, 

E nfmiflus, per flammain candela* trnnfvo- 
do acecndftur, ac flaimniam' divcsrficolo- 
rem^ itiflis iiflllir cxpHiAit»‘ V|ui lifiimont, 
Oper* p. 405. 


f 
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I 

From heart of oak mockratdy 
dried. Dr, Hales got oae-third of the 
weight of the oak of the air here 
fpoken of j this proportion fuffici- 
ently agrees with the quantity which 
was loft during the forementioned 
diftillation of oak. 

A cubic foot of dry hoa^WQOa 
weighs, according to Mr. Cotes’ ta¬ 
ble of fpecific gravities, 1030 ounces; 
hence, fuppofing that 96 ounces of 
fuch wood had only given 61 ounces 
of liquid, it may appear by an eafy 
calculation, that a cubic foot, of dry 
box,-wood contains above 5 gallons 
of liquid; fuppofing the liquid to be 
no heavier than water; arid if we 

' h 

admit the oil Snd the acid, when con- 

M 

centered, to amount to twd quarts, 
the other 18 quarts may be looked 

I 

upon as pure water; nay,-the quan- 
\ » tity 
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ticy of water may be confidereil as 
amburiting to almoA the whole of 
the liquid, fince both acids and oils 

principally confift of water. 

\ 

A cubic foot of fallow weighs, 
ticcording to Mufchenbroek, 585 
'tjunces, arid fuppofing that 96 ouncfs 
offuch wood would yield by diftil- 
ladon 48 ounces of liquid, then a 
cubic foot would contain about 9, 
quarts of liquid, which is not half 
fo much as an equal bulk of box¬ 
wood contains. 


I put the matter in thefe different 
lights, in order to excite thofe who 
have leifure to^ make inqui-' 

rics,. for- it • is undoubtedly a very 

a 

Ironderfui thing, that fuch large 
itics of Water^ and jir, Ihould 
be combined with the earth of wood* 
by fuch a peculiar bond 4>f union as 
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to remain for ages without doling 
any of their diftinguifhing properi- 
tles. And here I am fenfible is great 
room for many phylical inveftiga* 
tions.—-Arc the denfeit woods the 
moft abundant in air and water ? Is 
the air generated by the procefs of 
diftillation, or only di/engaged^ from 
the wood, into the compofition of 
which it had entered, together with 
water, by vegetation?, Have the in^ 
fiammahle airs^ feparablc. from differ¬ 
ent woods by d iff illation, the fame 

fpcclfic gravity and the fame degree 
of inflammability ? Or is the inflam-t. 

mability influenced by the nature of 
the oil contained in the woodi Ho«ir 
long will a given quantity of^air re¬ 
tain its inflammability? Does it lolb 
itdn confequence of 

wliich arc dif# 
4 folved 
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fplvcd in it, when it is firfl: diftilled? 
As no particle of matter can be an¬ 
nihilated, what becomes of the in¬ 
flammable air after it has been in¬ 
flamed ? Is it reduced to an unelaftic 
earth, or does it dill exift under the 
form of ’an uninflammable eladic 
jiuldf Whence is it that no air begins 
to be diftilled, till the moft volatile 

part of the oil begins to be feparated 
from the wood ? Fraxinella is a very 
odorous plant; when in full blolTom, 
the air which furroimds it in a dill 

night, may be inflamed by the ap- 

% 

proach of a lighted candle: Does this 
inflammability proceed from an in¬ 
flammable air, which is exhaled by the 
plant,of from fbme of the finer part id es 
of the oil of the plant, being dijfolved 
in the common air of the atmofphere ? 
Whence is it that the oils diflilled 

from 
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from wood, during the fimc ‘bpcra^ 
tion, are of different colours, con- 
fiilcncies, and fpecific gravities ? Does 
this variety depend upon the lofs of 
the air, or upon the quantity of the 
acid mixed with the oils? Are the 
oils and acids of different woods dif- 
linguifnable from one anotht*T, by 
any fpccitic difiercnccs, or do they 
only differ from one another as to 
more or lefs ? Suppofing the acjds 

obtained from different woods td be 

\ 

of the fime fort, and to be purified ■ 

R 

to the greateR degree, what kinid of 
lalts ^uld they form, w'hen uraced 

I* 

with alkalil^s, earths, and metkHic 
fiibRances ? In what manner are the 
relative proportions of the w^er, 
acid, oils, air and refiduug||feparible 
from wood by diftillation, influence^ 

IT, Y " bra 



‘by the». operation being conducted 
with a quick or a flow fire ? 

Thcfc, and a great many flmilar 
queftions, might be refolved with the 
greatefl: accuracy, and our know¬ 
ledge be thereby much advanced* 
But it falls to the lot of few lo be 

k 

able to build commodious Elabora- 

^ f 

tories, to piirchafe fiiitable ir.llru- 
ments, to fupply proper materials, 
and to maintain operators to execute 
the‘infinite variety of experiments 
which might be devifed, for the re¬ 
gular and fyfteinatic improvement 

of every branch of Chemiftry. 

/ 

The refidue remaining in the re¬ 
tort, after the diftillation of the woo 



is a perfe6b charcoal, and that which 


remains after the diftillation of pit- 
coal, i4 alfeht fpuogy mafs, in ap¬ 
pearance. 
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pearance, and, indeed, in quality, 
refembling afubllance prepared from 
pit-coal, as an article of trade, and 
which is ufually called €oak or cinder. 

At Newcaftle 24 barrows of coals 
produced generally but 18 barrows of 
cinders, and the price of a bufhcl, or 

of any other meafure of cinders, is 
commonly one third more than the 

price Q§the fame meafure of coals 
At Cambridgey on the contrary,vfherc 
great quantities of cinders are'pre- 
pared for the drying of malt itt the 

I 

town and neighbouring villages! the 

^ Oi 

price oj cinders and of coals | the 
fame. From this circumftan|c it 

i 

rflight probably be inferred, that the 
coal was incrcafcd in bulk by being 

converted into cinder, otherwife the 

« 

merchant would have nS 'eompenfa- 

’ y 2 • tion 

^ Vxjy* Metal, par M. Jars, p. an. 
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tion for the expence attending the 
procefs. Upon examining the fad, 

I found that in one inftance 30 
bufliels of coal gave 39 bufliels of 
cinders, and in another 28 bufhcls of 
coal ^ave 76 biiHiels of cinders. The 

O ^ 

quantity of cinders, being eftimated 
by meiifure^ depends much upon the 
cinders being in rounder lumps than 
the ^coals; and the real quantity, 
eftimated by weighty depends greatly 
upon the degree of heat to which the 
cinder has been expofed. I take the 
difference in the bulks of the New- 
caftle and Cambridge cindef, pro¬ 
curable from an equal quantity ofe 

I 

coals, to proceed from the different 
degrees of heat to which they are ex¬ 
pofed j the Cambridge coak ovens 
bein^ drawn once in 24 hours, and 

thofe 
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thofe at Newcaftle only oncp in 48 
hours, or thereabouts. 

In order to fee what efiedl a longer 
continuation of fire would have up¬ 
on the ordinary Cambridge cinder^ 
I took a large piece, and having 
broken it, threw one part of it inta 
the middle of a fierce cinder fire, em¬ 
ployed in the drying of malt,* This 
part becaiiic red hoc in lefs than ten 
minutes; after it had continued in 
that fituacion for above two hplirs, I 
took it out, and when it wasxold I 

* t 

foupd it CGunfidcrably wafted in bulk> 
but it appeared to be hardfr and 
blacker than the other partlof the 
fame piece, and its parts w^e cer¬ 
tainly more condenfed; for l| found 
that a cubic footoftheordinarjr cinder 
■weighed 1090 ounces> and a cubic 
foot of that v/hich had b€en expofed 

y 3 to 
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« ^ ' 

to the fire for two hours, weighed 

1208 ouf.ces. This cinder was, pro¬ 
bably, as much changed in the fpace 
©r two hours, by the ftrong draught 

A 

of the fire in which it was pur, as it 
wouki have been bv a much iop^rer 

j O 

rotuiniiance in the conk oven, Vvhere 
the draught of air is very little: and 
from this experiment it may be in¬ 
ferred, that the quantity of cinders 
procurable from a definite quantity 
of cOalr, depends very much upon, 
the ll:reno.th and continuance of the 
fire, hnce the cinder,, afttr it is fuliy 
.formed, is not only wafted in part by 
a longer continuance in the oven, but 
the part which remains is rendered 
more derffe, and upon- both accounts 
the quantity, dlimaced by meafure, 
ts Icfiened. This obferva'tion may.:jb^ 

. ofvufc to thofe who arc employed ifi 

pi'C^ 




preparing cinder for fale; and upon 
inquiry I find, that the quantity of 
cinder procured from the fame quart- 
tiryofcoal is very variable: when the 
operation has been longer, Or the heat 
greater than ufual, inflcad of gain¬ 
ing of fix or eight bufiiels from every 
thirty biifhels of coal, they fometimes 
are not able to get even 30 bulhcla 
of cinder. 

The confumption of charopail itt 


fluxing iron from its ores, ihd in 
rnanufadluring it into bar irori, is fo 

' T'’ ' ^ 

very confiderable, and the pifce of 
charcoal, from the great fcaifiity of 
under-wood in this kingdon|, is 
great, that many attempts havf been 
made to fubffitute in thii twfi'ncfs- 
charred pit-coal in the room dfehar*- 
coal. Thcfe attempts have 
fuccceded, and iron is. now 


' 'j' 
? 


X A genfi- 
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generally extradtcd from us ore by 
fires made with coak^ But tl>e iroi> 
thus procured is very fragile and 
coarfe, and cannot, without great dif¬ 
ficulty, rendered as malleable as 
that which is fluxed with charcoal ; 

I 

it may anfwer nearly as well for call¬ 
ing, but it cannot be made into 
good bar iron by any art hitherto 
known.^ Hence it became an objed: 
worthy the eon tempi ation of the fo- 
ciety for the encouragement of arts, 
fnantffadures, and commeice,.to pro- 
ppie premiums for the mailing of pig 

I 

iron, and converting pig iron into 
bar iron with. coak. The pigs an^ 
bais were required to be as good a& 
thofe made with charcoal; but tte 
premiums, though propofed from 

s 

Ijrfe to 1766, were never claimed 

Thoft 

Jlemoira of Agriculture, 220* 
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Thofe who are interefled m iron 
works, have motives, more prevalent 
than the fociety^s premiums, to in¬ 
duce them to perfect the art of fmelt- 
ing by means of charmcl pit-coal; 
and it may not be an ufelefs hint to 
them, to try the cfFedl of coak, wh[ch 
has undergone :;4difFerent degrees of 
heat. 1 ordered a ton of coals to be 


put into a coak oven, and when it 
^as in the ufual way converted into 
a found that it weighed 

£ I hun^HII weight; had it jftayed 
longer in the oven it wouldf' have 

been reduced further, and |t may 
deferve to be inquired, whethef there 
is not a definite weight to whi|h any- 
given quantity of coals ought^ to be 
reduced, in, order to produce the 


beft poflible coak for the flu3iing 



iron 


I 


f 
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I 

irron oi»e. The ^ Alah pit-coal ia 
faid to lofe half of its weight by be¬ 
ing tedoced to coak, whilfl: another 
fort of coal loft only 35. parts in an 
hundred : this diverftty may depend 
partly on the nature of the coal, but 
principally, I conceive, on the de¬ 
gree and continuance of the fire ufed 
in the preparation of the coak. 

“ What Ihall I fay further of 
coals, except I tell you of one Be^ 
iheTyin King Charles th^- ,Second's 
time, who pretended to^Jjpke fitch 

r 

and tar from them, but I think his 
project Carrie to nothingThis 
is ileughton*s obfervation concerning 
a projeift of one of the greateft che- 
mifts' that ever lived,. Whatever 
fa^c his proved met with in his own. 

age,., 

‘^’1 ‘‘ • 

• Tnftruc. fur PUfage de la HouiUc, p. 8i.. 

«j' ’Houghton’s Collcc, VoL IL No, 842#. 

» \ a Vi< 0 

• ^ 
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uge, it has been realized in^oursj 
for a kind of tar has for feveraf years 
bib pafl been prepared from coal in 
the bilhopric of Liege, and in other 
parts of Genoanyj we alfo make 
conllderablc quantities in England^ 
cfpecially near Brojeley, and at Brif^ 

tol ; a perfon at Briftoi having' ob-,. 
tained a patent for making taf from 
pit-coal, the condition of which, if 
I am rightly,informed, is,, thatcyery'. 
perfon who undertakes to propiro 

tar 

/ w 

1 

r 

«r 


* In the Philof.Tranf.No* 228, year 
there is mention made of pitch and tar peing 
then feparated at Brofeley, in Slrv/Jhirelhom: 
the black bituminous ftone which lies om the 

t Vi ' 

coal.. It was feparated, partly by boili^G^ the 

y. 

Hone, and partly by diftiHing it—^Thc p^efent 
method of obtaining pitch from pit-coftl is a. 
great improvement upon the former pradacc. 
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tar from pit-coal muft pay a fhilUng 
a barrel to the patentee. 

The method of making tar is thus 
deferibed by Newmann.—“Tar is 
prepared in different parts of Ger¬ 
many, Norway, Sweden, 8:c. from 
the pine and the fir-trees, and in 
fome places from the larch and the 
terebinth. The wood is inclofcd in 
a large oven to the quantity of ten 
or more loads at a time: this flands 
within another oven called the man¬ 
tle, the fpace between them receiv¬ 
ing the fire. From the bottom of 
the inoer oven runs a g^Jtta^;^;by 
which theif^tar is conveyed^li^n 
proportion it melts out of the 
wood'=^.** This p^ocefs is a kind of 
diflillation, k which the inner oven 

. repre-. 

^ Newmann’s Chem. p. 28$^. 
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4 $ 

reprefents the body of the retort, 
and the gutter its neck. The fluid 
parts of refinous woods are probably 
capable of being melted out of them 
with a lefs degree of heat than whac 
is requifite for the diftillation of coal, 
yet the proccfs of procuring tar, 
here mentioned, might, be applied, 
with a few alterations, to the obtain¬ 
ing the thick oil of coals.—There 
would in this plan be no lofs of.fiaej, 
the coal contained in the inner .oven 

■•'L 

would be converted into one of the 


mofl: valuable kinds of coaki and 
re between the ovens ’ 4 ould ■ 



afford a cinder as good as the |;om« 
mon cinder, | 

In the bifhopric of Liege thi coal 
is diftillcd in a kind of ftill com- 
pofed of two Jarge cad-iron p<>ts. In 

f 

England the coal is put into ovens 

^ich 
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vrhich* are heated by fires lighted 
under their bottoms, and the liquid 
matter is forced through an iron 
pipe inferted into the top of the oven, 
and which communicates with pro¬ 
per condenfing vcflels^ As the pitchy 
oil is very heavy, the diftillation, I 

think, would be mod advantageoufiy 
performed by making the fire on 
the top of the oven containing the 

t 

coal; fo that the liquid matter might 

c 

be made to defeend through a pipe 
inferred into the bottom of the oven, 
and communicating with proper re- 
'Cctvers. 

k 

In the great works they, obtain 
the very fame fubftances which we 

got from the analysis of coal—a 

- ' ( 

corrofive watery liquor, and two 
forts ofcoil. The two oils arc put 
into an iron ftill,' in order to their 

.7 t being 
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being further purified from the wa¬ 
tery liqucr with which they are mix- 
ped; 6 barrels of this oily matter 
produce about 5 barrels of oil of a 
thicker confillence; of the oil thus 
thickened one part is lighter than 
the other, the lighter part is drawn 
off from the other, and is not at pre- 
fent applied to any ufe; the thicker 
part is ufed as tar, for the paying 
the fidcs and bottoms of fhips^ but 
it is not found to anfwer fo aa 
tar, cither for cordage, or to miii: witli 

I 

oakum, *: 

W \ 

Thofe who are interefted i| the 
preparation of coak w'ould d^ well 
to remember, that every 96 obnccs 
of coal would futniih 4 ounces at 
the leaft of oil, probably 6 ounces 

4 

might be obtained i but if We put 

• the 
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/ 

Ac product fo low as 5 ounces from 
too, and fuppofe a coak oven to 
woork ff only 100 tons of coal in a 
year, there would be a faving of 5 

cons of oil, which would yield above 
4 tons of tar: the requifite alteration 
in the ftrndlure of the coak ovens, 
fo as to make them a kind of dilTiil- 
liiig veflels, miglit be made at a very 
trifling expence. 

It has been before obferved, that 
%DO<! and pit-coal wholly refemble 

ejach other in the products which 
they yield by diftillation, and as the 

oil from pit-coal is found to anTwer 
the purpofe of tar, it might furcly 
be a matter worthy the cohfideration 
of thofe who arc engaged in the 
burning of wood into to 

•contrive means which might cafily 

be 
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be done, of faying all the oiU which 
is ffparated from the wood during 
that operation. 

The acid liquor which is procured 
from pit-coal, when it is diftilledfor 
far, is at prefent thrown away, as I 
have been informed by a perfon-wlio 
i/s much engaged in this bufinefs., 
Without entering into the difputc 
concerning the origin of the vcgcia^.. 
bie fixed alkali, we may obfervev thajt 
it is generally obtained front* thc; 
coiTibidlion of the ve2:etable,i and 




, c ' I «W*, 


there IS reafon to think, that,till a^fd 
of the vegetable contributes income 


way or other tpwar^^^rprpduaion |f;, 

thus the t:oT)creteit«i^|K.War yir&y, 

by being burned, a great qyantf y of 
'fixed alkali, Js it wholly 
ble, that the acid liquor which isTe- « 
parated fronn-the coal by diflill ation,. 
VOL. jiu Z niight 



( 354 * y 

might be converted into a fixed alkali 
by being boiled down and calcined, 
cither by itfclf, or in conjundion 
with ftraw, charcoal dull, or any 
other fubilance, containing the in¬ 
flammable principle ? 

' The making of ^fixed alkali in 
Great Britain, is a matter of fuch 
great national'concern, that the com¬ 
mercial reader will excufe me, if I 

jf 

give ^another hint or two upon the 
fubjed. Might not pot-alh be pre¬ 
pared in the cyder countries, from 
the calcination of the acid earthy 

pulp, which remains after the juice 

> ( 

is ^'effed out fern t^, apple ? The 
brewery grains afp^at prefent applied 


to fortte ufe; would they not, if fuf- 
fered to turn Jour^ yidd more profit 
by calcined for pot-alh ? The 
br^iWy hops* which are impregnated 

with 
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wi th the fwcet wort, would probably 
turn four, and as they arc thrown 
away as ufelefs, might it not be ^d- 
vifable to fee whether they would 
not yield pot-alh by calcination ? 
The lees and refufe from the making, 
of vinegar, might be tried for the 
famepurpofe; and fojnight all the 
water which is impregnated with the 

I / * ^ 1 

wafhings of the floors', veflfelsj^ &c. 
in which any vegetable Itcjuor I5 fer¬ 
mented, cither into ale or vinegar. 
1 remember having cvaporated|fc«c- 
ral years ago, a large quanity.of 
horfe^s urine, with a view of fc^ihg 
whether it would yield by c&ftal- 

• " 'iM ' ST ^ 

lization, the fame kind of phqwbmc 
iajtj which may be obtaincdffrotn 

I ^ n ^ ^ I 

human urine 5 I could not pfocun;: 

any fait of that kind* from h i bdt 
• ' ' ' ' ^ 

when it was evaporated ^ dr)^nels, 

z 2 it 


• ki 
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it yielded, even without cclcimtion^ a 
great deal of fined alkali The uiinc 
of animals, which feed upon vegeca- 
"blcs, arifes from the juices of the ve¬ 
getables, which have been changed 
jn fome degree by the organs of di- 
'geftion ; may not a fimilar cljange 
take place by putrefa£lion ? and may 
nor the putrcfic^ion of vegetable 
juices be increai^d, a aJ- 

tnixtyre of common fait? and 'Aoiild 
iiot the quantity of alkali be thereby 
watKafed ? Is it not* poITible to de- 
^ampije common fah, by mixing it 
with vegetables in a ftatc of putre¬ 
faction ? If the acid of fait cuiiid>^ 
;.^any cheap means* be feparated from 
Aii alkaline okfis, it woidd undoubt- 
cdly be the jrjtertilrofgovernment to 
jilftcmpt fjsom the fait du;y, all fuch 
-foek or Ib*a felt, as ihoukt be con- 

j verted 
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verted into a fixed alkali; for bjr that 
means, all the money mignt be kept 
in the kingdom, which is now fctit 

I < 

out of if, for the purchafe of barilla* 
and other forts of fixed alkali. 

It has, with been -k 

fubje 61 : of apprehJ^hfion, left all. thO; 
coal-pit% in England (hbold foon bc^ 

> 

come exhaufted. The quantity of 
coal which is annually raifed, is cer^ 
tainly very great 5. and as coal is nbjt 
found to grow again, the tiii^ nauft 
come, when it will all be con 
That sera, hc»wever, is cercJnly'a^ 
a great diftance,. fince in thor<|c<liih»f. 
ties where coal is found', ticy'ailte, 
conftantly opening frefh pit. and* 
may for centuries to cpiih.# 
to open more ; and coal tna|* 
bably, be difeovered in nsanf 
ties, where none'is extra^?ed W 

’ ' a 3 ■ 

V ‘‘i ♦f'V 





ntmuej 

'i'* ^ 

^'"1 
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fent. It will enable the reader to 
form fome notion of.the great exca¬ 
vations^ which are annually naade 
in this, ifland from the digging of 
coal, if we calculate the extent of 
'that which isj^^de in one year, in 
^bnfequencc of tli^e coal which is im- 

; ported into London. The following 
account may be relied on: ' 

t 

An account of coals imported in¬ 
to the port pf London, in ten years. 


ending at Chri{lmts 

» 1779- 


1 ^ 

Chriftraas 1770 - - 

615,330 chalders. 

1771 - - 

694,003 


J772 - - 

f25 ,co8 


*773 - - 

624,781 


1774 * “ ’ 

623,727 


1775 ‘ - 

% 

672,786 


,1776 - 

700,207 


1777 - • 

<>97»435 


• 

1 

00 

647,361 


1779 • - 

587,895 


Ir V 

, Anninl average 

6jM« 

4 

Na 
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. ^ 

No accounts are kept at j^he Cuf- 
tom Ploufe, diftinguifliing the im¬ 
portation from Newcaftle, Sunder- 
land, Blythe, Hartlepool, &c. or 
from th^e federal parts in Scotland 

and Wales, the Crown revenue not 

\ 

\ * ^ 

being afFe6):ed thereby. The duty is 
8s. per ch alder of 36 Winchefttr 
bulhels, on all coals fold by meafure, 
and 6s. 4d. per ton, on fuch as arc 
fold by weight. It appears fr^ the 
preceding account, that in the year 
1777, there were imported i|to the 
port of London 697,435 cialdiers, 
and we learn from anotherjautho¬ 
rity that in the fame ycy ^here^ 
were imported from Newcaale and' 
Sunderland alone 692,093-}- c|aldersi 
by comparing thefe numbers, we 
may obferve how fmall a portion of 

z 4 . the 

t Ann, Rcg^ *777> Ch* 161 
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,^he coal confiimcd in London, is 
brought from any other quarter. 

chaldcr of coals, Newcaftlc mea- 
fere, is allowed by A6l of Parliament 

4 

I 

weigh h«fidred weight; and 
as ^ Nevycaftle chalders are equal to 
London chalders, reckoning 36 

< 

Winchefter bufhcls to the London 
chalder, ir follows, that a chaldcr 
of coals, Lond6n meafure, is equal 
p a^ittle more ' than 28 hundred 

r 

weight. But fuppoling 28 hundred 
wpight to be the weight of a Lon* 
dpn jchakicr, then as the medium 
quantity of coal annually imported 
intoXondon 15-658,853 chalders, it 


imay,be colk6ted, that there are an¬ 
nually imported 922,394 tons. 

The following table cxprefTcs the 

relative 
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rt'tative weif^hts a few differenC'’ 
forts of coals. ^ 

Weight of a cubic foot of 


WfKhcual - - - 

Yorkfhire ftonc-coal 
Lajicafh. ranaei-coal 
Nc'.vcaftlo iip(m Tyne 

vit ifi'orilliiire coal 

+ Coal do Graiirefac 
■j. Cua! dos Carmaux 
|: Coal d’Alais - - 


1396 ounces 

I 3 P 7 -- 

W 73 - 

IZfji — 

1241 '■ 

I37I.r^- 

*333 - 

1500 ^ 


Medium weight 13 3 ounces av^D**. 


I 

The Welflicoal was of that kind 
whfch burns without givin«|’ia^ 
fnnke, they mix it herewith 
for the drying of ina'lc. The 'Work.- 
foii c (lone-coal was taken pft 

!nl?a» 

s 

* Philof. Tuaiif. No. 169, 

1 ^ _ 

+ Tlie v/cirhts of the three French cdals 
were cMlculated from experiments rticnlioned 
In/lriidl, for I’JJfagc cle Houille, p. Z* 
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near Wakefield, and is part of the 
ftratum, which lies at the bottom of 

.iT ' 

the black cO'al. The cannel-coal 

A 

was from Wigan in Lancalhirc : this 
coal is commonly ufed by the coun¬ 
try people to work by in winter 

ni^h^^ inftcad of candles, and its 

> 

name has been probably derived from 
its ufe, candles being called in the 
dialed!: of the northern counties, 

camy^ls. 

The Newcaftle coal was of a kind 
which is much efteemed at Cam* 
brid^, and which is called Old Ducks, 
The medium weight of a cubic foot 
of thefe feveraTcoals being 1336 
avoirdupois ounces, a cubic yard or 
ay. cubic feet of coal, will weigh 
2254I avoirdupois pounds; there are 
2240 fuch pounds in a ton, hence v/c 

may fay ip general, that cubic yard 

of 


1. 
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of pit-coal weighs a ton j fomc forts 
of coal weigh a few pounds more^ 
and other, a few pounds lefs tRan a 
ton. From what has been oefoM 

obferved concerning the quantity of 

> ' 

coal annually imported into London;^ 
we may now conclude that 922,394 
cubic yards of coal are annually dug 

>• t 

out of the earth for tlie fup^ly of 
the London market. This quantity 
of coal, if fpread to the thicknefs 
of an inch, would cover an area of 
above 10 fquare miles; and no c^ubc 
the confumption of fo large a Quan¬ 
tity contributes very much bo^ la 
the daily dirtinefs of the llree|s of 
London, and to that elevating of 
foil which is fufficiently obviot^ in 
the city and its environs, when; dis¬ 
tant perioB^ of time are compared 


together. 


The 



Jf 


( 364 ) 

» 

The weight of a London chalder 
iHf co^ls is here put equal to 28. 
jSwrraied weight, upon the fuppofi- 
Sfeft of S Newcaftlc chalders being 
vcqt^al to 15 London chalders. Upon 

ki * 

'Weighing a byfhel of the middle 
llyed, large, and fmall oU diicksy .at 

Mii 0 ^^ 

J^^mbridge, I found the weights to 

’■'iNe ' 


^ ^ it 

1l \ 

s 

Middle fized 

7 + 

f 

Large coal 

76 

f, y 

k< 

> Small coal * 

80 

i 1 1 ■* _ 

M'* ' • 

, 

■» 

Medium ^ 

■» 

765- 


ffe: 


^^hi^^edium docs not give quite 25 

ilOfiared weight ■*tO a chalder. I 

^' 

fonnd, by weighing coals at another 

warehoufe in Cambridge, that 30 

* « 

biilheis made a ton, which is 74^ 

pounds to a bufbel. 

• '“It is not certainly Is^./own how 

long y 

I ^ 

Britain 



.has been ditg in Great 
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Britain j tnc'firft Tort of fud 

all nations v.f'"'.! wa^ probably 
and as that icarce men uewstli 

O # 

tvO Icarcb into th;; bowels of the earth 
for (oircthiin; .to fupply its place, 

f 

We have wod rcafon to believe that 
thN ewcallle coal -pits were wxojghi; 

in the time (>r the Ren'o^ns, fo><oikj 

» ' 

cinders have been found at the bof- 

V 

tom of the fuundation of a city built 

by th,e Pvomans in that Couh^^l 
but whether they were not wrqi g^ 
by the Britons before the 

invafion, is a queftion M/hich cafTiidt; 
perhaps, be pofuivcly decided 
Vv'ay. ^ ^ I ,.;i. 

AiultTfon, in his Iliflcry of ^oro* 
rneice, fixes »the intradu6lioa o. 

^ i 

N'w\vca(llt> coal into London at (t 
caily ^ peri as the year 1305 5 anc 

, . mention: 

* WaUse’sTiifl, of Nordiumberland* 
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«neii*^ions a complaint of the nobi- 
lity *nd gentry, which was preferred 
to the King aoainft the ufe of fea- 

o o 

/ 

coal, as a public nulfince. A fimi- 

lar prt-judice prevails at this day, 

who have not been ac- 

, • _ 

cufij<5Tr;eJ to pit-coal fires. T.ie 

I 

'great riofl\nan had given it as his 
epinion, that the peripneumony, 
itbc dry afthma, and the €onrump- 
ilJdh, ^erc common maladies amongft 

jthc inhabitants of Liege and Lon- 
and that they were occafioncd 
hy jgreat ufe of pit-coal in thofe 

|6iaees. M. Morand, in 1769, was 
the trouble to inquire into this 

Jmatterj and it appears from the ac- 
teftations of the College of Ph.yfi- 

London i of the Faculty of 
JMedicine at Paris-, of tH^ phyfici.ms 
Liego^ u Lyons, and other places, 

.1 ji; til at 
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t 

that the opinion concerning 
collar infalubrity of pit coal fires if-!' 
utterly without foundation* 

It has been remarked that coal, 

*v 

in being diflilled, yields near of 
its weight of airj in being confumed' 

‘ * • ■ IN, * 

Ci ^ burning, it yields a great dettl 

f ' 4 * 

ri.orc; for both the refidue reitjain-* 

ing in the retorr, and the • :1 obr 

tained by diflillation, yield muchi 
:ir i.,ig combuftion. I do not" 
think that it would be an extrava*' 
gant fnppofition, if wc Ihobld f y,' 
that the 922,394 tons of cofl which 

f * 

are annually confumed, 
into the atmofphere incumt^nt ov^t 
London, 500000 tons of fir 5 and 
this quantity may, probily, be^ 

"'t I 

about ^ of the whole quantity of air, 
which IS refpired by the inbabitanta 
t)f London dn the courfc of a year, 

Henct, 



Vv \ \ • ' 

} ' ' A ^ 
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H^'Chough it ill on I'd be granted 
^ir from coal is not more 






thaiuIiriC v/hlcl; is iVj);,- 
anv other kind of fuel. 


irtS5?f* ' 


qoantiiy of it witli wkic* - 
au* oyer gr-at cn-;.:, is; 
may conrribnte :kny’ ^ 
the'rendering them, ' i 
'been jndly Cu'kd, ilie 
.of oiiankind. 









